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TYPE in BORDETELLA SECRETION SYSTEM 

5 This application claims benefit under 35 U.S.C, § 1 19(e) to United States Provisional 

Application No. 60/085,691 filed May 15, 1998, incorporated herein by reference. 
FIELD OF THE INVENTION 

The invention relates to a Bordetella type III secretion system and its constituent 
components, genetically modified Bordetella, prophylactic and remedial live attenuated 

1 0 vaccines including genetically modified Bordetella and uses thereof 
BACKGROUND OF THE INVENTION 

The genus Bordetella includes small, aerobic, Gram-negative coccobacilli associated 
with respiratory infections in humans and other animals. B, pertussis infects humans and 
causes whooping cough, a highly contagious disease with severe clinical manifestations in 

15 children (Hewlett, 1995). (Throughout this application various publications are referenced, 
the disclosures of these publications in their entireties are hereby incorporated by reference.) 
B. parapertussis causes a similar disease in humans and has also been recently isolated from 
sheep (CuUinane et al., 1987; Porter et al., 1994). B. bronchiseptica infects a broad range of 
mammals, and has been isolated from mice, rats, guinea pigs, rabbits, skunks, opossums, 

20 raccoons, cats, dogs, ferrets, foxes, pigs, hedgehogs, sheep, koala, bears, leopards and horses. 
Although bordetellosis is often asymptomatic, B. bronchiseptica can and does cause 
significant disease. 

B, bronchiseptica and Pasteurella multocida, are a primary cause of infectious 
atrophic rhinitis in swine, a serious and widespread disease responsible for significant 

25 economic loss to the pork industry. Atrophic rhinitis is an upper respiratory disease that 
results in degeneration of the nasal turbinates, deviation of the nasal septum and atrophy of 
the nasal bone, which can be so severe that it causes visible deformation of the animal's 
snout. Pigs suffering from atrophic rhinitis feed less robustly and gain weight more slowly 
than healthy pigs, resulting in lower market weight and/or longer time-to-market. Atrophic 

30 rhinitis affects pigs worldwide causing significant global economic impact on the pork- 
producing industryr 

Atrophic rhinitis is caused by co-infection of the swine upper respiratory tract with B. 
bronchiseptica and Pasteurella multocida. Results from both in vivo and in vitro studies 
indicate that colonization of the upper respiratory epithelium with B. bronchiseptica 
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predisposes pigs to infecrton by .h. opport^stic F. ..l,ociM which would chemise be 
C,! olff l«y establish infecUon. MU-ough coioni^Uon by B. .roncHUepUca a,o„ 
I^nZoLd — a»o,hy.d.sease..os.seve.=,so— 
pl„o„ia.whe„e.acert,a«dbyseconda^infeetto«wimP. ™u,,.c-<.. T.^ 

» efficiently i^fcc. B—-fiee swine sugges. p.v»^^^^ 
Le,e«.wo.ldalsopreve„.in.ec.ionby.. — andihc^s.^^^^ 

B bro.cHisep.ica is also responsible for causing infecnous tracheobr. ch.. s (ITB) 
(.ennel cough, ,n dogs and a similar respira.ory iltaess in ca.. ITB has a w— 

— :~:::::::rb=^^^ 

rrc:::c:r:re;earchand..ning— ns..^^^^^^ 

,„gs to be vaccinated against B. broncHisepiica. the efficacy of currently avadablc vaccnes 

is Lstionable a. best and ITB remains a common and important canine disease. 
:lZ,,c. also causes anupperrespiratory disease inrabbits called snuffles. AS wrth 

:pt:Li.is,snumesisexace.ba.edbyco.infeo,ionwi^^ 
ro blchopneumoma. Rats and mice are also natuM hosts for B broncHisepuc and a^^ 
iy susceptible. The IDso for infection with B. ,ron.Us.p.U. in many cases .s less than 

BorMiciia spp produce a number of protein factors (eg., virulence factors) thatplay 
, rmportl " ItLteractionbetweentheh.^^^^ 

ofnfection,pathogenesisand.ransmission(We.ssand„ew,e„,19..^^^^^^^^ 

involved in adhes,on to host cells include filamentous hemagglunmn (FHA . perta^^ ^ 

■ , ,o09 Relmanetal 1989; Roberts etal., 1991); while production of 
fimbriae (Mooietal., 1992. Relman el al.,iy • r.r-mi,Y1fHewlettand 

toxins including the bifimctional adenylate cyclase toxmAemolysm (AC/HLY) (Hewle 
toxins, mcludingi • ,w,lWer and Weiss 1994) and pertussis toxin (expressed 

■5 Gordon, 1988),dermonecrotlctoxm(WalkerandWeiss, 19y , \ „„.„,, 

only in B. pertussis) (Loch. e. al., 1986), are involved in the pathological effects on host 
tissues and the ability to evade host defenses. .<:,„„,, 
Expression of these virulence factors is coordinately regulated by the bvgAS locus. 
BvgA and BvgS, which belong to the f^ily of two^omponent signal transduction prot^s 

coordinating ^^^^ ^^„^,„„ ,3 

the infectious cycle (Snbitz et ai., i»oo, j xjn w 1 994- Uhl 

accomplished by a His-Asp-His-Asp phosphorelay mechanism (Uhl and Miller, 1994, Uh 

and Miller, 1996; Uhl and Miller, 1996). 
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The Bvg* phase is characterized by expression of virulence factors and this phase is 
necessary and sufficient for colonization of rabbits and rats (Akerley et al., 1995; Cotter and 
Miller, 1994). The Bvg' phase is avirulent and characterized by the loss of virulence gene 
expression and induction of genes which are repressed in the Bvg* phase, including motiUty 
5 genes in B. bronchiseptica (Akerley and Miller, 1993; Akerley et al., 1992). 

There is a need for an effective B. bronchiseptica vaccine. Live attenuated vaccines, 
i.e., living viruses and bacteria that carry mutations rendering them avirulent or greatly 
reduced in virulence offer significant advantages in terms of manufacture and 
immunogenicity. A single inoculation of live vaccine at a modest dose may replicate in vivo 
10 to a large immunogenic dose and, during the course of replication, express the majority of 
immunogens seen during natural disease. The processing and presentation of these antigens 
more closely corresponds to that of infection. Live attenuated vaccines can induce mucosal 
immune responses, which are not efficiently elicited by systemically administered vaccines. 
The mode of delivery of the live attenuated vaccines is more simple, requiring ingestion or 
1 5 inhalation. Finally, because attenuated vaccines are living organisms, they may also be used 
as vectors by genetically engineering them to express heterologous antigens, thus providing a 
mechanism for protection from more than one disease. 

Most infectious agents either infect mucosal surfaces directly or gain entry to the 
body via mucosae or mucosal lymphoid tissue. Immunization that elicits mucosal antibody is 
20 therefore a cost effective tool to prevent and combat infectious diseases. Mucosal immunity 
is believed to be dependent on the production of an IgA antibody response, which generally 
cannot be accomplished by conventional vaccine administration routes, for example injection 
of the antigen. 

Live attenuated bacterial vaccines that generate effective mucosal immune responses 
25 have been successfully derived from modified bacteria of the genera Mycobacterium, 

Salmonella, Shigella, Vibrio and Listeria. The progress in the field over the last decade is 
reviewed in Killeen, et al.. Bacterial mucosal vaccines: Vibrio cholerae as a live attenuated 
vaccine/vector paradigm, Curr Top Microbiol Immunol. 236:237-54 (1999). The goal of 
eliciting a mucosal immune response, in contrast to the elicitation of a systemic inunune 
30 response m the absence of a mucosal immune response, is in principle necessary because the 
immune system is organized such that injected antigens are not effective in eliciting the 
generation of antibodies in what is known as the "common mucosal immune system." 

The common mucosal immune system is an integrated system including gut- 
associated lymphoid tissue and nasal-associated lymphoid tissue. The common mucosal 
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effector s..es, such a. exocnne g 

------ 

differentiate into IgA-secrenng pioo 

oyotoes. such as intcrleuldn (IL)-5, IL-6, and IL-10. ^ 
Uvc a„.nua,=d stains of pa*ogenic bactcna h e p^v-^^^^^ 

,e„e.,iusp.o.ec.ive — ,esp<,„sesagao.*ew^^d^^^^ 

T^eUvea„e„ua.eds»inshavea,sopro.nv^~ 
i™,un. responses agains, o*er padrogens. P-»*^™ * 
geneticaUy engineered to express anfgenic epUopes » ' ^^^^ 

TWO modes of anenuaUon have been used: -^~2„^„^ 
, „u.ations. Then,os.wide,yuseda„enua.edbac.ena,vacanes-5«^- 
TyZUandM..— ^"V.s»inBacme,Cata«.,0^«^>(^^^^^^^ 
defined— . BCOUwide,yu^—u *e^^^^^^^^ 

.hercuiosis and in *e — of cer«.n ca„c«. S.,p^ ^^^^ 

fc„ ora, doses and .s ve^ weH .oierared » ^^^'^^ ^„ ^,„ia 

,0 humoral and celi-mediated^d confers s>gmf,can,,bu,mcon,ple 

fcver. ^ , <;hiffella that carry defined 

„sar.enuareds.«insof.W— -^^^^^^ 

a„enua.ingn,u.donshavea.soh.ngen«^^^-^^^ 

„f rwo subclasses (1) disrupUon of ~ ^^^^^^^^ ,„„„„^ proved 

- disrupUonofgene(s,aff.»gv^^^^^^ 

unsuccess6i\ either due 10 theu: inability P virulence attenuation has 

tt,eycausedloiacceptah.elevelsofUgh fever andba^t^e...^^^^^^ 

p^ven to be a highly succ«sfU, s«ategy. Killeen, et at 240 ^ 3^ 
ffectivevaccineshavethusbeenconstruetedbyvnul^^a^^^^^^^^ 
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virus (SrV) and human immunodeficiency virus (HIV), eliciting immune responses against 
each antigen when used to immunize mice. BCG vectored outer-surface protein A (OspA) 
and pneumococcal-surface protein A (PspA) conferred protection against Borrelia and S. 
pneumoniae, respectively in murine challenge models. 
5 Attenuated Salmonella have proven capable of delivering more than 30 bacterial, 10 

viral and 10 parasitic antigens in pre-clinical murine studies. Kaufinann, Concepts in vaccine 
development, de Gruyter, Berlin (1996). Protective immunity was demonstrated with 
bacterial challenge with Y. pestis, L monocytogenes and 5. pertussis, viral challenge with 
Herpes simplex virus and influenza, parasitic challenge by L. major and S. mansoni, among 
10 others. Kaufinann, Concepts in vaccine development, de Gruyter, Berlin (1996). 

Listeria monocytogenes has also been successfully used as a live attenuated vaccine 
vector. See, e.g., Shen H, et al., Compartmentalization of bacterial antigens: differential 
effects on priming of CDS T cells and protective immunity. Cell. 92(4):535-45 (1998); Jensen 
ER, et al. Recombinant Listeria monocytogenes vaccination eliminates papillomavirus- 
15 induced tumors and prevents papilloma formation from viral DNA, J Virol. 71(1 1): 8467-74 
(1997); Jensen ER, et al.. Recombinant Listeria monocytogenes as a live vaccine vehicle and 
a probe for studying cell-mediated immunity, Immunol Rev. 158:147-57 (1997); Slifka MK, 
et al.. Antiviral cytotoxic T-cell memory by vaccination with recombinant Listeria 
monocytogenes, J Virol. 70(5):2902-10 (1996); ShenH, et al.. Recombinant Listeria 
20 monocytogenes as a live vaccine vehicle for the induction of protective anti-viral cell- 
mediated immunity, Proc Natl Acad Sci USA. 92(9):3987.91 (1995). 
SUMMARY OF THE INVENTION 

In a first, independent aspect of the present invention, a Bordetella type III secretion 
system and its constituent components is disclosed. 
25 In a second, independent aspect of the present invention, genetically engineered 

Bordetella having modifications of the type III secretion system and its constituent 
components is disclosed. 

In a third, independent aspect of the present invention, live genetically attenuated 
Bordetella bronchiseptica having modifications of the type HI secretion system or its 
30 constituent components effective in preventing infection with wild type Bordetella 
bronchiseptica is disclosed. 

In a fourth, independent aspect of the present invention, a vaccine including 
genetically engineered Bordetella bronchiseptica having modifications of the type HI 
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g»e«cd.y .^gineered ^o.C.ep.ic. having modificauons of the type m 

«„„.rr.;,e,MLp.es..gahe.=..ogousa„.ge„e.ec.^^^ 

r^elivervvector is disclosed. . , 

:„ a seven., . aspec. of .he p«s.. — , geneuoa„v e„.^ 

Bor,e.el,a exp..i„g a he.e..ogous anttgen eftecUve in genera.ing a n>ucoaa. — 
response to the heterologous antigen is disclosed. 

in an eight, independent aspect ofthe ptesen. invention, a vaccne .c, d^ 
B— expressing a heterologous protective antigen effect,ve « generanng a n,ucosai 
immune response to the heterologous antigen is disclosed. 

taaninm independent aspect ofthe pr«en, invention, methods are drsclosed for 

•explingaheterologousanagen.ogene.teamucosa.innnuneresponse 

to the heterologous antigen. 

RRIEF DESCRIPTION OF THE FIGURES 

Z.Oifferen.ia,d.sp,a,PC.withptimersKB.andMU(seeT.^^^^^^ 

0 ftagmentsproducedonlyfromtheBvg-butnotBvg phasecDNA. cDN^ 

R^of 5. ir.„*eP"- -ain RB50 ^wn in the Bvg* phase (lanes . . 5, 6 B 
Xse(lanes3,.,7,S)«ereusedas.emplatesforPCRwithpHmerKB4(lan« 4)or 

■ e ML2 (lanes 5 to 8). Each reaction was done in duplicate except that the odd 
:rerZontaintlice.heamountofc0..templateas,heevennu^^^^^^^^^ 
,5 IlwsindicatepositionsofprominenthandsampUfiedonlyfromBvg phasecDNA. 

Pi^ure 2: Proteh, sequence of BscN compa^d to VscN. The two conserved Walker Boxes 
are ouUined. and the shaded region is deleted in the mutant strain WD3. 

30 «^ 3. Genomic organi^ion and open reading 6ames (arrows) ^= 

in.....*...-. Thenumhe.heloweachopenreadh.g^em^a,^^^^-^ 
amino acid identity to corresponding homologues in („ ^^^^^^^^ 3. 

aeru^sa. The letters A, B and C denote ORFs of secreted protems .dent.eed fig 
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Figure 4: BscN expression is regulated by bvg and it is expressed in the Bvg"^ phase, a. RT- 
PCR with primers specific for jhaB.flaK and bscN. Genomic DNA (g) and cDNAs made 
from total RNA of A bronchiseptica strain RB50 grown in Bvg'" phase (+) or Bvg' phase (-) 
were used as templates for PGR. Controls of mock RT were templates in which the RT 
5 reactions were done in the absence of reverse-transcriptase. Primer pairs specific for fliaB 
(NX7+KX31),y7a^ (BA04+BA01 1) and two separate regions of bscN (W1+W2 and W3+W4) 
were used for PGR. See Table 2 for sequences of primers, b. RT-PCR with the same primers 
as in part a, but with genomic (g), cDNAs and mock RT templates from phase-locked strains 
of 5. bronchiseptica RB53 (locked in Bvg" phase) and RB54 (locked in Bvg" phase), c. Slot 
10 blots of total RNA with probes for fltaB.floA, recA and bscN. ^^P labeled DNA probes were 
used to detect specific transcripts in total RNA isolated from RB50 grown in Bvg"^ phase (+) 
or Bvg phase (-). RNA samples were diluted two-fold and eight-fold in the second and third 
rows respectively of each panel. 

1 5 Figure 5 : In-frame deletion of bscN causes decreased secretion of certain polypeptides from 
B. bronchiseptica in vitro. TCA precipitates of proteins from culture supematants of wild 
type strain RB50 (lanes 1, 3, 6, 8, 10, 12), 65c// deletion strain WD3 (lanes 2, 4, 7, 9, 1 1, 13) 
and Bvg' phased-locked strain RB54 (lane 5) were separated by 4 to 12% gradient SDS- 
PAGE and detected by: Coomassie stain (lanes 1 and 2); immunoblots with antisera from 

20 rabbit (lanes 3 to 5), rat (lanes 6, 7, 10, 1 1) and mouse (lanes 8, 9, 12, 13), which were 

previously infected with RB50 (lanes 3 to 9) or WD3 (lanes 10 to 13). Open arrows indicate 
major proteins produced from RB50 but not WD3 as detected by Coomassie staining while 
solid arrows indicate major proteins produced only from RB50 as detected by inununoblots. 
Numbers on the right column indicate positions of molecular weight markers in kiloDaltons. 

25 Figure 5* is another reproduction of the photograph in figure 5. Polypeptides indicated as A, 
B and C were electroblotted onto PVDF paper and their amino-terminal sequences 
determined by Edman degradation. Amino terminal sequence of A was determined as: 
XRIDAARNPXHAAMQ. Amino terminal sequence of B was determined as: 
SVSPTSPGSFGAGPV. Amino terminal sequence of C was determined as: 

30 TIDLGVSLTSQAGGL. Three ORFs that correspond to these amino-terminal sequences are 
indicated in figure 3. 

Figure 6: Deletion of foe// leads to decreased cytotoxicity of 5, bronchiseptica on L2 
epithelial cells. L2 cells were incubated with B, bronchiseptica strains RB50 (b and c), WD3 

7 
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Stain, and observed under microscope. 

«^ 7: Deletion of 6.^e— tyrosine dephospho^laUonof ce«ato p««ins in L2 

,. I- ,,.„ rnnfluentLZ cells were incubated with a 
cells upon infection with B. bronck^epuca. Confl««» L2 c 
i,o»cto^»c<, strains RB50 (lanes 3 and 4), WD3 (lane 5) and FFl (lane 6) wtth 

P „f„,w ImM vanadate was added to one sample of L2 

or without any bactena (lane 2) fori hour. ImM i„,f 1) andeachof 

cells incubated with RB50 (lane 4). Total cell protetn fl-om RB50 ttself (lane 1, 
, 'rve samples of infected L2 cells were separated by 8% SDS-PAGE and probed w.th 
lonalanUbodyPT-SSspeciflcforphosphotyrosine. Arrows indicate tyrostne- 
Xsphory.atedp,o.eins.hatareapparenUydephospborylateduponincubat.onw,thRB50, 

but not with WD3 or FFl. 

5 Figures- Deletionof».cNcausesdefectinpe.istenceof*. »ep„- in the ...chea of 
:rFlle4wee.o.dWistarra.swereinocula.edintranasaUywithl000c«to^^^^^^^^ 

^50 or WD3 in a 5u, suspension. Groups of 4 animals were sacrificed 14 and 35 days post- 
To u,orT.enasa,sepnm, and. cm of the. rachea we. homogenized «tdp^a^ 

, Termine recoverable cfu of ironcMsepHca from these tissues of each ammal. 
agar to detenmne ^^^^ „n days 14 and 

minimum level of detection. 

Figure 9: BscN is not tran^ribed in most B. per.^>s strains and a human isolate of B. 

r,nomicDNA(g) ami cDNAsftom total RNAofBvg* phase (+) and Bvg 

25 parapeMS^. Genom,cDNA(g) an , . ,„„„,„es for PCR: S. *r<,»cAfepn«. 

phase (.) cells ofthe following strains were used as templates for PCK 

RB50- B p^ussis strains OMTl, 17471, Tohama 1, 18323; human tsolate of B. 

strain A168 and ovine isolate of*. par.p.r^>s strain HI. Prtmers speetftc 
:rt;::RB50(W3.W4,wereusedforPCRofthe genomic mA,cmAs and .so 

30 mock RT samples (0). 

FigurelO ln-tenedele«on of ^p2. does not affect secretion of other type nisecre^d 
plCi- .CApr.ipi.atesoflmlofculturesupema.antofwild.ypea-50), ^c. 
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(WD3) and /ibsp22 (D218) strains of B. bronchiseptica were immunoblotted with mouse 
antiserum specific for Bsp22 (A) antisera from a rabbit previously infected with RB50 (B). 
Thick arrow indicates Bsp22, thin arrows indicate other as yet unidentified type III secreted 
polypeptides, which are not secreted by WD3. Bsp22 secretion is restored in D218 by the 
5 presence of plasmid pLB2, which contains the ORF of bsp22 in the broad host range vector 
pBBRlMCS (A, right lane). 

Figure 11. Disruption of type III secretion leads to more rapid clearance ofB, bronchiseptica 
from the trachea of C57BL/6 mice (A) and reduced colonization of the trachea of BALB/c 
mice (B). Female 4 week old mice were inoculated intranasally with 10^ cfu of wild type 
(RB50), AbscN (WD3) or Absp22 (D218) strains in a 50 \i\ suspension. Groups of 3 to 4 
animals were sacrificed 7 and 35 days post- inoculation. The nasal extract and 0.5 cm of the 
trachea of each animal were homogenized and plated on BG agar to determine recoverable 
cfii of B. bronchiseptica from these tissues of each animal. Dotted line indicates the 
minimum level of detection. Horizontal bars indicate means of cfu counts. Recovered cfu 
from the trachea showed significant difference (*) between that of RB50 and WD3 infected 
BALB/c mice on day 35 (p=0.03). Recovered cfu from the trachea also showed significant 
difference (*) between that of RB50 and D218 infected BALB/c mice on day 35 (p=0.01). 

Figure 12. Type III secretion mutants elicit higher titers of anti-Bordetella antibodies in 
infected mice compared to wild type infected animals. Wild type bacterial cells were coated 
onto ELISA plates and probed with serial dilutions of sera from BALB/c (A) or C57BL/6 (B) 
mice infected with RB50 or WD3 or D21 8 for 35 days. Bound anti-Bordetella antibodies 
were detected by secondary antibodies specific for total immunoglobulins. Results were 
averages from 3 or 4 animals in each group. * indicates statistically significant difference in 
titers between serum from wild type infected host and that from type III secretion mutant 
infected host at p<0.05. 

Figure 13. Disruption of type III secretion causes increase in virulence of 5. bronchiseptica 
30 in SCID-beige mice. (A) 500 cfu of RB50, WD3, D218 or RB54 (Abvg) in 5 ^1 droplets were 
inoculated into the nasal cavity of groups of 10 SCID-beige mice. Health of the mice was 
monitored over a three month period and morbid mice were sacrificed prior to death. Time 
of survival of the mice inoculated with RB50 (circles) were significantly (as determined by 
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Figure 17. Type HI secretion by B, bronchiseptica is required for aggregation and 
inactivation of NF-kB in L2 cells in vitro. The rat lung epithelial cell line L2 was incubated 
with: (A) medium alone; (B) medium with 10 ng/mlTNFa for 10 minutes; (C) wild type B, 
bronchiseptica (RB50) at MOI of 100 for 20 minutes; (D) wild type 5. bronchiseptica 
5 (RB50) at MOI of 100 for 20 minutes, followed by 10 ng/ml TNFa for 10 minutes; (E) AbscN 
strain of 5. bronchiseptica (WD3) at MOI of 100 for 20 minutes; (F) AbscN strsin ofB. 
bronchiseptica (WD3) at MOI of 100 for 20 minutes, followed by 10 ng/ml TNFa for 10 
minutes. Cells were fixed, permeabilized, labeled with antibody specific for NF-kB p65 
subunit and observed by epifluorescent microscopy as described in materials and methods. 
10 Figure 18. DNA sequence corresponding to figure 3. Seq. ID 1. 

Figure 19. DNA sequence corresponding to ORF of bscV. Seq. ID 2. 
Figure 20. DNA sequence corresponding to ORF of bcrS/bscX. Seq. ID 3. 
Figure 21. DNA sequence corresponding to ORF of bopN. Seq. ID 4. 
Figure 22. DNA sequence corresponding to ORF of bsp22. Seq. ID 5. 
15 Figure 23. DNA sequence corresponding to ORF of bcrHl. Seq. ID 6. 
Figure 24. DNA sequence coiresponding to ORF of bopD. Seq. ID 7. 
Figure 25. DNA sequence corresponding to ORF of bopB. Seq. ID 8. 
Figure 26. DNA sequence corresponding to ORF of bcrH2. Seq. ID 9. 
Figure 27. DNA sequence corresponding to ORF of bcr4/bscY. Seq. ID 10. 
20 Figure 28. DNA sequence corresponding to ORF of bscl. Seq. ID 1 1 . 
Figure 29. DNA sequence corresponding to ORF of bscJ. Seq. ID 12. 
Figure 30. DNA sequence corresponding to ORF of bscK. Seq. ID 13. 
Figure 31. DNA sequence corresponding to ORF of bscL. Seq. ID 14. 
Figure 32. DNA sequence corresponding to ORF of bscN. Seq. ID 15. 
25 Figure 33. DNA sequence corresponding to ORF of bscO. Seq. ID 16. 
DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment, the invention provides a type III secretion system in Bordetella. 
This system comprises multiple proteins encoded by nucleic acid sequences that comprise the 
type m secretion system for Bordetella, In one embodiment, the DNA sequence of Fig. 18 is 
30 provided. In another embodiment, one protein of the type III secretion system is encoded by 
a nucleic acid sequence designated bscV corresponding to Figure 19. In another 
embodiment, one protein of the type III secretion system is encoded by a nucleic acid 
sequence designated bcr3/bscX corresponding to Figure 20. In another embodiment, one 
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protein of the type ffl secretion system is encoded by a nucleic acid sequence designated 
bopN corresponding to Figure 21. In another embodiment, one protein of the type HI 
secretion system is encoded by a nucleic acid sequence designated bsp22 corresponding to 
Figure 22. In another embodiment, one protein of the type HI secretion system is encoded by 
5 a nucleic acid sequence designated bcrHl corresponding to Figure 23. In another 
embodiment, one protein of the type III secretion system is encoded by a nucleic acid 
sequence designated bopD corresponding to Figure 24. In another embodiment, one protem 
of the type III secretion system is encoded by a nucleic acid sequence designated bopB 
corresponding to Figure 25. In another embodiment, one protein of the type III secretion 
10 system is encoded by a nucleic acid sequence designated bcrH2. corresponding to Figure 26. 
In another embodiment, one protein of the type HI secretion system is encoded by a nucleic 
acid sequence designated bcr4/bscY corresponding to Figure 27. In another embodiment, one 
protein of the type III secretion system is encoded by a nucleic acid sequence designated bscI 
corresponding to Figure 28. In another embodiment, one protein of the type III secretion 
15 system is encoded by a nucleic acid sequence designated bscJ corresponding to Figure 29. In 
another embodimem, one protein of the type III secretion system is encoded by a nucleic acid 
sequence designated bscK corresponding to Figure 30. In another embodiment, one protem 
of the type III secretion system is encoded by a nucleic acid sequence designated bscL 
corresponding to Figure 31. In another embodiment, one protein of the type III secretion 
20 system is encoded by a nucleic acid sequence designated bscN corresponding to Figure 32. 
In another embodiment, one protein of the type ffl secretion system is encoded by a nucleic 
acid sequence designated bscO corresponding to Figure 33. 

Further, nucleic acid sequences are provided that hybridize (e.g., under stringent 
conditions) to the nucleic acid sequences of the invention, including, for example, the 
25 homologous genes in B. pertussis and B. parapertussis. Additionally, the invention provides 
polypeptides encoded by the nucleic acid molecules of the invention. 

Bordetella spp. attenuated in accordance with the present invention are effective 
bacterial vectors for immunization against Bordetella infection as well as against 
heterologous antigens. 

30 In accordance with the present invention. Type III secretion system includes the "core 

components" that fomi the apparatus in the wild type bacteria that injects factors into host 
cells or the surrounding medium, "effectors," which are transported by the core apparatus mto 
the host cells or into the surrounding medium and "accessory factors" including chaperones 
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and other components used by the wild type bacteria to control and effectuate the production 
and delivery of the effectors by the core apparatus. 

Type in secretion system modifications in accordance with the present invention 
include any mutation that diminishes, abolishes or otherwise alters the effectiveness of the 
5 type in secretion system in performing any of the functions it carries in vivo. These 

modifications include, for example, mutations to the "core" proteins that decrease or abolish 
the ability of the system to secrete proteins or to translocate effectors into host ceils or host 
cell membranes, mutations deleting or modifying effector genes, such that they are not 
produced or their function is attenuated, or mutations to other components of the system, 

10 chaperones for example, which are necessary for the delivery of the effectors in the wild type 
bacteria. Regulatory elements, transcription factors and other components used by the wild 
type bacteria may also be altered in such manner that the transcription, translation and/or 
processing of a component or components of the system is altered. Bordetella genetically 
engineered to include these mutations are also considered novel. 

15 The generation of mutants is well known in the art. Loci coding for type III secretion 

system proteins or polypeptides may be altered in any effective manner. Preferred are 
deletions of the coding region for a particular protein or polypeptide, or the coding region of 
several proteins or polypeptides. Alternatively, an entire operon coding for such proteins 
and/or polypeptides may be deleted. Also preferred are in frame deletion or deletions of one 

20 or more codons of a protein or polypeptide, such that the function of the protein or 

polypeptide is abolished or attenuated. Also preferred is the substitution of one or more 
codons in one (or more) protein(s) or polypeptide(s) such that the function of the protein(s) or 
polypeptide(s) is abolished or altered. Also preferred are insertional mutations. 
Combinations thereof may also be used. 

25 Another aspect of the present invention is the use of genetically modified Bordetella, 

preferably B, bronchiseptica^ as an effective mucosal antigen-delivery system, and as the 
component of a vaccine. Delivery of antigens to mucosal surfaces by expressing the antigens 
in the bacteria of the present invention is effective for inducing mucosal immunity. Systemic 
immimity may also be provided. The resulting immunity serves to protect the host firom 

30 microbial, and the like, invasion, or to combat such organisms when present in the host. 

When used as an antigen delivery system, Bordetella are genetically modified such 
that they may express one or more heterologous antigens. Any Bordetella may be used as a 
live vector, however Bordetella attenuated in accordance with the present invention are 
preferred. Most preferred are recombinant attenuated Bordetella bronchiseptica. In 
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accordance wi* *e present mvenUon, Bor,e,e,la for use a. a vaccine con>po„en. or a»dg» 
delivery system may be attenuated by modifications to components other than to the type 
secretion system, which noneUteiess decrease or aboUsh export of type UI ~ -^^T 
For example, the strain FrI' de«=ribed in Akerley. e. al., £«op.c e.pre..on -f"-^^^^ 
S rl^on L ^.opn.^' of^e Bor,e,e,ia-Hos, .^ac.on, CeU 80(4)..61 i-20 (i9,5 was 
enT^eered such .ha, the ^MB promoter was repiaced with that of^»i.. The enhre mo«^^ 
regulonandflageiiarproteinswereexpressedintheBvrratherthantheBvg ph^e. ms 

mLt has now been discovered to not secrete mo., if no. ali. type HI wild type secreted 
proteins. The use of these modified Bor,euU., and the iike. as antigen dehvery systems and 
10 as vaccine components is also considered novel. 

T„e bacteria may also be fi.rther modified such that Urey do not express other toxtc 
factors, for example hemolysin/adenylate cyclase toxin, dennonecrotic toxin and the *e. 
They may also be modified such that their transmissibility is attenuated or abohshet^ for 
example by mutafing genes necessary for the Bvg phase. inCuding motility genes, dte^.* 
15 iocus. Which encodes two p^teins that ftatction togedter as a transcript-onal ac«va or th^ 
regulates the motility regnlon. the urase gene, the alcaUgin gene, and the h.e^ Mutants that 
axe Bvg* phase-locked may also be used. As a pt^aution. DNA repair and DNA 
recombinafion enzymes, mating factors and accessory proteins, sites for integratro,,^ 
heterologous DNA. for plasmids or phages, for example, may also be altered such that the 
30 risi. of the modified Bor^,ella exchanging or incorporating DNA from other organrsms ,n 

the environment are decreased. 

Bordetella may be modified in any suitable mamter such that it expresses the 
heterologous antigen. The DNA encoding the heterologous antigen may be present exu.- 
chromosomally, bu, is preferably integrated into the bacteria, chromosome. TTc construct 
.5 may .nclude regulatory souenees, ribosome binding sequences, and other elements ne«s»ry 
for me proper expression of the antigen or anfigens. Tlre construction and mampulatton of 
theseexpressionvectorsarewellknowntothoseofskillmtheart. 

When the DNA encoding the heterologous antigen is present extra-chromosomally, 
for example in a plasmid. a balanced lethal host-vector system strategy -y be used^^e, 

Mtrobioll41:797-805(1993)(incorporatedhe«inbyreference). This strategy ts prefer^ 
when dre pr^ervation of the plasmid and the expression of d.e antigen for prolonged penods 



is desired. 



14 



BNSDOCID <WO 9959630A1J_> 



wo 99/59630 PCTAJS99/ 10690 

The antigens may be expressed under the control of any effective promoter, and may 
include other regulatory sequences and sequences necessary for the appropriate translation of 
the gene product. For example, constitutive promoters may be used. The use of the promoter 
for the recA gene (Kuhl, et al.. Isolation and characterization of the recA gene of Bordetella 
5 pertussis, Mol Microbiol 7:1 165-72 (1990)) is preferred. Alternatively, antigens may be 
expressed under the control of inducible promoters, which are also well known in the art. 
Preferred is the use of the inducible Tac promoter (Walker, et al., Construction of 
minitransposons for constitutive and inducible expression of pertussis toxin in bvg-negative 
Bordetella Bronchiseptica, Inf & Immun 59:4238-48). Preferred is the expression of the 
10 antigen(s) under the control of the bvgAS locus, which controls the expression of virulence 
factors in wild type Bordetella, The use of the regulatory sequences used by wild type 
Bordetella for the expression of virulence factors is most preferred. The construct may also 
be inserted in a functional maimer into an operon having any of the above described 
characteristics. 

15 Any antigen may be expressed, including multiple antigens. The antigen(s) may be 

expressed such that it remains within the bacteria, or may have a leader sequence such that 
the antigen is secreted, a transmembrane sequence or sequences, such that the antigen is 
anchored to the bacterial cytoplasmic or outer membranes, or a sequence such that it is 
injected via the type III secretion system into the host cells. Combinations may also be used, 
20 such that the same antigen is displayed in the membrane, secreted, and/or expressed within 
the bacteria. When multiple antigens are expressed, they may be processed differently. 

The antigens may also be expressed as fusion proteins. See, e,g, Staats, et al.. 
Mucosal immunity to infection with implications for vaccine development, Curr. Opin. 
Immunol 6:572-583 (1994) and references cited therein. Any effective fusion protein may be 
25 used. iFor example, for secretion the antigen may be fused to a protein or a portion of a 
protein that is secreted. Preferred are fusions to filamentous hemagglutinin, 
hemolysin/adenylate cyclase toxin, and the like, and portions thereof. For integration into the 
membrane, the antigen may be fused to any membrane protein. Preferred is the use of 
pertactin. For secretion via the type III secretion system the antigen may be fiised to a protein 
30 secreted via the type III secretion system, and in particular it is desirable that about the first 
10-20 codons of the secreted protein be present. See, e.g., Anderson, et al.. Yersinia 
enterocolitica type III secretion: an mRNA signal that couples translation and secretion of 
YopQ, Mol Microbiol 31(4):1 139-48 (1999). The antigen may also be fused to other 
antigens, or to proteins known to have an adjuvant, or other desirable effect. 
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A protein or polypeptide, inoludiitg for example an antigen, tnay be expressed as a 
fusion to a type m secreted gene so it ntay be targeted into the host cytoplasm or 
membrane, or the extracellular mediun. by translocation of the fusion product vra the w« m 
secretion system. The strain expressing tins construct may also be attenuated by speotflc 
inactivation of other type in secreted ptoducts (but not the "core" secretion appa«n. g«.es) 
so that the only protein targeted into the host cell by type HI secretion system .s that of me 
fusion construct. 

Antigens derived from leplospim ccmicola. L. grippotyphosa, L. hardjc. L. 
>a.er.Hae,.orrHasiae.Lpo.ona,L. in„s,L t™,^/.™, canine distemper vtrus, 
canine adenovirus type 2. canine paramfluenza virus, canine parvovirus, rab.es. herpes 
viruses, HIV, SW, Erysipelo,hra rkusiopa,Hiae. FasUurella, P. Multoci^. Ascar. 
OesopHa,os,on.un,. pseudorabies virus, porcine parvovirus, pathogenic E. coU. mc u^ng £. 
coli having K88, K99, 987P, and/or F41 adherence factors. ClosMum spp., .ncludmg Ci. 
„.^/™ge„., and a, type C beta toxoid. S>(»o».«a, VWno. Mycoplasn^a, 
,cLacmus pleuropne^oMae, H^pMu.. rotavirus, transmissible gasttoententts vtrus, 
a.ep— ... influenza, to name a few, may be used. Other anngens. 

and antigens from other pathogens, which may be used in accordance with the present 
inventionarewitlunthesWUandb^owledgeintheart. BW.,e«. factors .ncludmg 
virulence factors, mayalso be expressed, preferablyinamodif.edfonnwh.chpreven.the. 

deleterious effects while permining the elioitation of an immune response specHc to those 

f&ctors 

■ Antigens expressed may be in the form of whole heterologous pn^tetas, or porttons 
thereof, and may be modified such that their toxicity is decreased, their stability increased^r 
such that ^ protem or polypeptide may have other suitable or desirable modtficaUons. The 
; expressionofpolypeptidesconsistingofprotectiveepitopesispreferred. Theantigenma b 
from any pathogen, toxin, or other immunogenic material, includmg v,™ses. actena, 
eulcaryotes, unicellular snd multicellular parasites, and combinations thereof, or sma^l 
molecuies may be produced by the expression otthe appropriate enzymes in ^^'^^^ 
BoMe,ena. As most agents either infect mucosal surfaces directly or gain entry to U,e body 
0 via mucosae or mucosal lymphoid tissue, unmunization that elicits mucosal ant.bod.es .s 
effective in preventing and combating these agents. 

The bacteria may also be engineered to direcUy or indirectly produce .nflammatory 
stimuli Direct inflammatory stimuU may be produced, for example, by the expresston and 
secretion of pro-mflammatory cytokines (for a review, see Svanborg, et al.. Cy,ohm 
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responses during mucosal infections: role in disease pathogenesis and host defence^ Curr 
Opin Microbiol 2(1):99-105 (1999)), including TNF, IL-1, IL-2, and other interleukins, TGF- 
p, interferon (for example INF-y), GM-CSF, and the like, NO inhibitors {see, e.g., Thepen et 
al., The role of alveolar macrophages in regulation of lung inflammation, Ann N Y Acad Sci. 
5 725:200-6 (1994)), and the like. Enzymes or other proteins or polypeptides that may 
advantageously augment the immune response may be also be expressed. 

In general, the genetically modified Bordetella may be used as an antigen delivery 
system in any animal that will support the modified Bordetella for a time sufficient to elicit 
an immune response. These include, for example, humans, dogs, cats, pigs, cows, sheep 

10 mice, rats, guinea pigs, rabbits, skunks, opossums, raccoons, ferrets, foxes, hedgehogs, koala, 
bears, leopards, horses and other animals. 

The live attenuated Bordetella and the bacterial vectors of the present invention may 
be administered by any effective route. They are preferably administered such that the 
bacteria colonize the nasal mucosa. The trachea may also be colonized, albeit at times only 

15 temporarily. Preferred is direct administration to the nasal mucosa, by spraying or injecting 
the bacteria suspended in a suitable solution, for example. Suitable solutions include water, 
saline, and other solutions known in the art. Inhalation and oral administration are also 
preferred. 

In accordance with the present invention, the live attenuated Bordetella may be 
20 administered in any effective manner. The nasal route of administration is preferred. The 
reduced quantity of proteolytic enzymes and reduced antigenic competition in the nasal 
mucosa compared to the peroral and intragastric route may also present other advantages of 
Bordetella as a live attenuated vector. 

In accordance with the present invention, the genetically modified Bordetella may be 
25 used as a component of a vaccine. 

Bordetella having type III secretion mutants in accordance with the present invention 
which do not secrete type III secretion factors are also useful in identifying proteins and 
cloning DNA sequences encoding secreted factors. Factors can be cloned by their presence 
in the supernatant of cultured wild type bacteria and their absence from the supernatant of 
30 cultured modified bacteria. For example, wild type and modified bacteria may be separately 
grown in Stainer-Scholte medium at 37°C. Culture supematants may then be precipitated 
(with TCA, or the like) separated by SDS-PAGE, and stained (with Coomassie blue, or the 
like). Polypeptides present in the wild type but absent from the modified bacterial 
supematant may then be electroblotted (onto PVDF paper, for example) and their 
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a^nct^mal sequences de.ennine<i (by Edman degradation, or fte like). A Bor6e.ella 
genomic or cDNA Ubrary. or .he Mke, may to be screened to obtain isolated DNA 
^uences encoding type U. secretion secreted factors, or PCR may be used to amphfy and 
isolate the sequence, which may then be subcloned. 

Alternatively, species A (mice for example) may be immuni«d with supematant from 
wild type bacteria, while species B (rabbits, for example) may be immunized wtth 
supematant ftom modified bacteria, b, an expression screen ofBor^ella, mters may be 
blocked with the serum from species B, then hybridized witi. the serum of specres A. The 
filters are then incubated with labeled antibody specific for species A a„.ibod.es. As the 
0 clones producing products secreted by both wild type and mutant bac,«ia will have been 
blocked by antibodies present in tite serum ftom the animals immunized wiU, the mutan 
bacteria (species B). the antibodies present in the serum from species A will ""ly bmd clo^s 
producing products secreted by the type m secretion, which will not have been blocked. The 
clones may then be isolated and tite DNA sequences encoding the secreted factor(s) 
,5 subcloned into an appropriate vector. Alternatively, a genetic strategy may be used. For 
example. Tncy^A mutagenesis to detect genes encoding polypeptides translocated mto host 
celU and the use of screens relying on regulatory factors specific to Type nl gene expresston 
.0 fit^d co-regulated genes. Other like st^tegies may be used with the type H. secretion 
mutants to clone DNA sequences encoding polypeptides and proteins secreted by tite type m 

20 secretion system. . 

Another aspect of the present invention is a Borde,ella type III secretion efTeCor or 
combination of efTectors, useful for sequestration of WF-«S in the cytoplasm. The effector, 
or effectors are also useful for preventing signal transduction to progress such ti>at WF-«fl 
activation and nuclear localization does not occur. The effector or effectors are also useM m 
25 preventing NF-a from activating gene transcription, including preventing NF-a from 
activating expression of cytokine and/or anti-apoptotic genes. 

Anotiter aspect of tite present invention includes a Bordetella type HI secretion 
effector or combination of effectors. useM for in Wvo decreasing inflammation and tncreas. 
apoptosis of inflammatory cells. These components find utility as anti-inflammatoo. agents, 
30 particularly atmucosal sites. Their use is particularly effective in the airways and lungs. 

Another aspect of the present invention includes a Borde,etta type IB secretion 
effector or combination of effectors, with an in vivo tyrosine phosphatase acttvty. 
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The type III secretion system is also useful for testing compounds for antimicrobial 
agents. Agents that inhibit type III secretion of wild type Bordetella are effective in 
preventing the inhibition of inflammation, thus permitting the immune system of the host 
organism to clear the Bordetella infection. 
5 Also provided by the invention are vectors that comprise the nucleic acid sequences 

described above. Examples of suitable vectors include but are not limited to retroviruses 
such as Moloney murine leukemia virus (MoMuLV); papovaviruses such as JC, SV40, 
polyoma, adenoviruses, Epstein-BalT Virus (EBV); papilloma viruses, e.g. bovine papilloma 
virus type I (BPV); vaccinia and poliovirus and other human and animal viruses. 

10 Adenoviruses have several properties that make them attractive as cloning vehicles 

(Bachettis et al.: Transfer of gene for thymidine kinase-deficient human cells by purified 
herpes simplex viral DN A, PNAS USA 74:1590 (1977); Berkner, K.L., Development of 
adenovirus vectors for expression of heterologous genes^ Biotechniques, 6:616 (1988); 
Ghosh-Choudhury G, et al.. Human adenovirus cloning vectors based on infectious bacterial 

15 plasmids. Gene; 50: 161 (1986); Hag-Ahmand Y, et al.. Development of a helper-independent 
human adenovirus vector and its use in the transfer of the herpes simplex virus thymidine 
kinase gene, J Virol 57:257 (1986); Rosenfeld K et al., Adenovirus-mediated transfer of a 
recombinant al-antitrypsin gene to the lung epithelium in vivo. Science 252:431 (1991)). 
For example, adenoviruses possess an intermediate sized genome that replicates in 

20 cellular nuclei; many serotypes are clinically innocuous; adenovirus genomes appear to be 
stable despite insertion of foreign genes; foreign genes appear to be maintained without loss 
or rearrangement; and adenovimses can be used as high level transient expression vectors 
with an expression period up to 4 weeks to several months. Extensive biochemical and 
genetic studies suggest that it is possible to substitute up to 77.5 kb of heterologous sequences 

25 for native adenovirus sequences generating viable, conditional, helper-independent vectors 
(Kaufman R.J.; Identification of the component necessary for adenovirus translational 
control and their utilization in cDNA expression vectors y PNAS USA 82:689 (1985)). 

Another vector is AAV. AAV is a small human parvovirus with a single stranded 
DNA genome of approximately 5 kb. This virus can be propagated as an integrated provirus 

30 in several human cell types. AAV vectors have several advantage for human gene therapy. 
For example, they are trophic for human cells but can also infect other mammalian cells; (2) 
no disease has been associated with AAV in humans or other animals; (3) integrated AAV 
genomes appear stable in their host cells; (4) there is no evidence that integration of AAV 
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alters expression of hos, genes or promoters or promotes their rearrsngement; (5) introdt^e 
genes can be rescued from the host eel. by infection with a helper virus such as adenov^s. 

HSV-1 vector syaem facilitates introduction of virtually any gene into non-m«onc 
cells (Geller et al.. An efficient deletion mutant packaging system for a defecUve h^ 
simplex vin. vectors: Potential applications to human gene therapy and neuron^ phystology, 

PNAS USA 87:8950 (1990)). 

An„thervec.orformammaUangenetransferisthebovinepapillomav,r„s-bas«l 

vector (Sarver N, =, a,., Bo.in. papUlo^a .trus DM: A no.e, euUan>o.ic c>o.in, .eaor. Mo, 

Cell Biol 1:486(1981)). 
0 vaccinia and other poxviru^-based vectors provide a mammahan gene ttattsf r 

sy«em Vaccinia virus is a large double-stranded DNA virus of 120 Idlodaltons (W) 
genomic size (Panicali D, et al., Cons,n,cUon ofpo^in. as clonin, .ecors: Insertion of. He 
.Hy^i^ine Hnase ,..e,ro. Herpes sU«pU. .in. in.o .He DNA of.nf^ious .acCne v,^. 
Proc Nad Acad Sci USA 79:4927 (1982); Smith e. al., /»/ec«o»s vaccinia ^rus recon,t,.an.s 
,5 ,*.<e.pr«.Aep«,.i.av,n«..^<.ce.»,/g.«,Nat„re302:490(1983).) 

Retroviruses are packages designed to insert viral genes tnto host cells (Qmld B, et 
^,De,elopn,en.ofre.onrus .ecors useful for e^ressin, ,enes in cul.«redmunne 
e^^ryonic cells - Hema.opoie,ie eelU in ^. ^ Viro, 62:795 (1988); Hock e. al., 
^.ro^rus .ransfer an, expression of^ru, resisiance ,enes in Hun,an »e„c 

20 progenitor <:««s,Nanire 320:275 (1986)). 

The bastc retrovirus consists oftwo identical strands ofRNA packaged tn a pro™, 

protein. The core surrounded by a pn>tective coat cahed the enve,ope, which is denved from 
hemembraneoftheprevioushostbutmodifiedwith glycoproteins contrib„tedby~ 
Futher. microorganisms are provided that are transformedby vectors tnCudmg DNA 
25 sequences encoding constiments of the secretory system of the present invettnon. In 
accordance with the practice of the invention, the microorganism is Borde.ella. e.g.. 
Bor,e.ella seiected f^m dte group including, but not limited to, Bor^.el,a per...su. 
Bor^ella paraper.ussis and Bor,e.ella ^oneHisepUca. The invention ferther provdes host 

celU infected with the microorganisms of the invention. 
30 Additionally, vaccinesforprotectinganammaUgainstadiseaseareprovtded. For 

example, the vaccine can induce a cy»toxic T lymphocyte (CTL) mediated immune 
respoL. to one embodiment of the invention, the vaccine comprises a suffictent amount of 
microorganisms of the invention. «.e microorganisms of the invention have ^ 
transformed by the vectors of the invention, h, a^ordance with the practtce of the mvenUon, 
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a vaccine can further comprise a sufficient amount of one or more additional antigenic 
components for protecting an animal against disease caused by one or more other pathogenic 
microorganism, cells or viruses. Examples of suitable antigenic components include but are 
not limited to one or more of inactivated leptospira canicola, inactivated leptospire 
5 icterhemmorhagiae, modified canine distemper virus, modified canine adenovirus type 2, 
modified canine parainfluenza vims and modified canine parvovirus. 

The invention further provides hybrid nucleic acid sequences. These hybrid nucleic 
acid sequences encode heterologous gene products and comprise nucleic acid sequences 
encoding members of a type III secretion system for Bordetella joined to a transgene or 
10 multiple transgenes. These heterologous gene products can stimulate host immunity, e.g., by 
a CTL mediated immune response, and serve as a vaccine for Bordetella or non-Bordetella 
infection. In one embodiment, the transgene encodes an immunogenic protein from any 
species. Examples of suitable immxmogenic proteins include but are not limited to a pilinic 
subunit, pertussis toxin or subunits thereof, filamentous hemagglutinin, adenylate cyclase and 
15 the protein 69K. 

In one embodiment, the hybrid nucleic acid sequence includes, how^ever is not 
necessarily limited to bscV, bcr3, bopN, bsp22, bcrHl, bopD, bopB, bcrH2, bcr4, bscl, bscJ, 
bscK, bscL, bscN and bscO having the sequences described above and a transgene. 
Examples of transgenes include suicide genes and genes that shov^^ late cell 
20 development. For example, suicide result in a protein or agent that inhibits cell grov^ or 
tumor cell death. Suicide genes include genes encoding enzymes, oncogenes, tumor 
suppressor genes, genes encoding toxins, genes encoding cytokines, or a gene encoding 
oncostatin. The purpose of the transgene is to inhibit the grov^h of or kill cells, of interest or 
produce cytokines or other cytotoxic agents which directly or indirectly inhibit the growth of 
25 or kill the cell of interest. 

Suitable enzymes include thymidine kinase (TK), xanthine-guanine 
phosphoribosyltransferase (GPT) gene from E, coli or £. coli cytosine deaminase (CD), or 
hypoxanthine phosphoribosyl transferase (HPRT). 

Suitable oncogenes and tumor suppressor genes include neu, EGF, ras (including H, 
30 K, and N ras), p53, Retinoblastoma txxmor suppressor gene (Rb), Wilm's Tumor Gene 
Product, Phosphotyrosine Phosphatase (PTPase),, and nm23. Suitable toxins include 
Pseudomonas exotoxin A and S; diphtheria toxin (DT); E. coli LT toxins, Shiga toxin, Shiga- 
like toxins (SLT-1, -2), ricin, abrin, supporin, and gelonin. 
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Suitabte cytokines taolud. m«rf«ons. GM-CSF m«rt=«kins, nmo, necrosU factor 
(TNF) (Wong G. et al.. GM-CSF: Molecular clom.g ofihe complemenmry UNA and 

of.:. .a..ral Science 2^S:S.O (19S5,); W09323034 

(,993)- HoHsberger MA, et a... Clonm, and sequence a^ys.. ofoDNAsfor in.erferon- and 
5 ^rus-Muced A&P-.-- reveal ,Hey conlain pulaUve guanine nucleo.de- 

tind<ngsUes:fu.aional.,udyof.l.correspondinisenepromo,^.><^'^o{W«^^^ 
64(3) 1,71-81 (1990); Li YP e. al.. Prcnflammatory cytokines tumor necrosis faaor-alpha 
and 1L.6. but no. IL-l, down-reflate me osteocalcin gene promoter. Journal of tamunology 
148(3):788-94 (1992); Pizano TT. et al., InduClon ofWF alpHa and TNF tela g^e 
.0 expression in rai cardiac .ransplann during allogr^ reieciion. Transplantatton 56(2 :399- 
404 (1993)). Breviario F, et al., MerleMn- 1 -induct genes in endothelial cells. Clomng 
of a ne^generelaxedio C-reac,i,epro,ein andseru. antyloid P componen,. Toumalof 
Biologic Chemistry, 267(31):22190.7 (1992); Espinoza-Delgado I, e, al.. Regulation ofIL-2 
re^ior sutuni. genes in Hunu,n .onocy.es. Differ^ial effec oflL-2 and FFN^an.n.a. 
15 Journal of Immunology U9(9):2961-8 (1992); Algate PA, e. al., Regula,ion of, He 

in.er,eu^n-^ (IL-S) recep.r l,y ,L-S in .Hefeia, li^r-deri^ FLS.12 "'"-^'ood 83(9> 
2459-68 (1994); Cluitmans FH. et al., IL-4 down-regula,es 11-2-. IL-3-. and GM-CSF- 
induced cyloiane gene expression in peripheral tlood monocy.es. Annals of Hematology, 
68(6);293-8 (1994); Lagoo, AS, et al., lL-2. IL-4. and IFN-gannna gene expression versus 
20 — in superan.igen-ac.i.a.ed T cells. DisiinC re.^iremen. for cos.in«la.orys.gnaU 

.HrougH adhesion molecules. Journal of Inununology .52(4,;1641.52 (1994); Marttnez OK et 
a, U.-2 and ,L-5 gene expression in response .o alloanligen in liver allograft recipient and 
in vi.ro. Transplantation 55(5):1 159-66 (.993); Pang G, et al.. GM-CSF. IL-l alpha. ,L-, 
tela 11-6. IL-B. IL-IO. ICAM-l and VCAM-l gene expression and cyiolane producuon ,n 
25 /.««« duodenal fibrotlasls simulated .i.h lipopolysaccharide. IL-l alpha and TNF-alpha, 
Clinical and Experimental Inununoiogy 96(3);437-43 (1994); Ulich TR, e. al.. Endotoxin- 
induced cyioldne gene expression in vivo. m. IL-6 n.RNA and serum pro.,n ^res.on and 

in vLemaiologic effeCs ofU.6. Journal of Immunology 146(7):2316-23 (1991); 
Mauviel A, e. L^l^regulin. a T cell-derived cyloUne. induces IL-S gene express.on an, 
30 s^elion in huntan sUnfibrohlasls. Demons.ra.ion and secreiion in human sMn fihroUas.. 
Oemons.ra.ionofenhancedNF-l.ppaBtindingandNF-l.appaB-drivenpromoUrac.m'; 

Journal of Immunology 149(9);2969-76 (1992)). 

Growth factors include Transforming Growth Factor-c (TGFa) and P (TGFP), 
cytokine colony stimulating factors (Shimane M, et al.. Molecular cloning and 
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characterization ofG-CSF induced gene cDNA, Biochemical and Biophysical Research 
Communications 199(l):26-32 (1994); Kay AB, et al.. Messenger UNA expression of the 
cytokine gene cluster, interleukin 3 (11-3), IL'4, IL-5, and granulocyte/macrophage colony- 
stimulating factor, in allergen-induced late-phase cutaneous reactions in atopic subjects, 
5 Journal of Experimental Medicine 173(3):775-8 (1991); de Wit H, et al.. Differential 
regulation ofM-CSF and 11-6 gene expression in monocytic cells, British Journal of 
Haematology 86(2):259-64 (1994); Sprecher E, et al.. Detection of IL- 1 beta, TNF-alpha, and 
IL-6 gene transcription by the polymerase chain reaction in keratinocytes, Langerhans cells 
and peritoneal exudate cells during infection with herpes simplex virus- 1, Archives of 
10 Virology 126(l-4):253-69 (1992)). 

Preferred vectors for use in the methods of the present invention are viral including 
adenoviruses, retroviral, vectors, adeno-associated viral (AAV) vectors. However, other 
vectors generally known in the art may be used. 

The invention also provides recombinant toxin antigens encoded by any of the hybrid 
15 nucleic acid sequences described above. Further, the invention provides vaccine 

compositions comprising pharmaceutically acceptable carriers or diluents in combination 
with any of the recombinant toxin antigens of the invention. In one embodiment, the vaccine 
composition further comprises an antigen adjuvant. 

The invention additionally provides antibodies or derivatives thereof which recognize 
20 and bind a protein of the type m secretion system of the invention derived from type in 
secretion system of Bordetella. 

The invention provides methods for protecting an animal (e.g., a dog, cat, pig, or cow) 
against disease. In one embodiment a method which comprises administering to the animal a 
vaccine. The vaccine comprises a microorganism of the invention in an amount sufficient to 
25 protect the animal. Administration of the vaccine can be effected by parenteral injection, 
intranasal administration, intrapharyngeal administration, or topical administration. Other 
means of administration are possible. 

In accordance with the practice of the invention, the animal can be a dog and 
protection is directed to prevention of kennel cough. In this case, administration of the 
30 vaccine can be effected by intrapharyngeal application. Other administration means are 
possible. 

Alternatively, the animal is a swine and protection is directed to prevention of 
atrophic rhinitis and turbinate atrophy. In this case, administration can be effected by 
intranasal application. Other administration means are possible. 
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In accordance wiU. *e practice of the method of the invention, the amount of the 
nricroorganism to be administered is at least one microorganism per administrauon. T^e 
amountofthemicroorganismcanbeinarangeofl microorganism to lOOm.lhon 

microorganisms per administration. 
5 TheinvenUonalsoprovidesamethodforprot^tingananimalagainstdrseasewtad. 

compr^es administering to .he anima, a vaccine composition comprising a pharmaceuUca^b^ 
acc^tabie carrier or diluent in combinadon with any of the recombmant toxin anfgcn of me 

invention. 

Additionally, the inventton provides methods for expressing a heterologous gene 
,0 productfomaBord^e/tastrain. The method comprises attaching a transgene to a nucletc 

acid sequence of the invendon so as to produce a hybrid gene. Ft^her. dte -*<=^ « 
introducingthe hybrid gene into theBo..e«H.s«aintoformaviable transformed — 

strain and Lturing the transformed .0.*./^ strain to effect expression of the heterolog^^^ 
gene product. In one embodiment, expression of the heterologous gene product ,s 

15 constitutive, or regulated. ■,4,„i,h. 

The invention also provides methods for the diagnosis of dtseases assocated wtth a 
Bord«ella strain in a subject. This method comprises obtaining a specimen, e.g., of 
nasopharyngeal secretions, irom the subject and detecting the presence of a nucletc actd 
scuence of the invention. After detection is effected, the method provides quanntanvely 

20 determining thenumber of nucleic acid sequences so preset., h, accordance w„h thepracttce 
of the invention quanritaUvely detemtining the number of nucleic acid sequences c^ 
achieved by comparing the number of cells so detected to dte amount in a sample ftom a 
normal subject. The presence of a measurable different amount indicaUng the pr^ence of the 



disease. 



,5 Altematively,.henumberofnucleicaddse,uencescanbeachievedbycompan.g 
' dre number of cells so detected to dte amount in a sample from dte same subject at a d,ffere„. 
point in time so that a difference can be determined. The difference in time bemg mdrcattve 

of the state of the disease. 

to accordance with the practice of the mvcntion the subject includes, but ts not hmrted 

30 to, a dog, cat, pig, cow. 

The invention further provides methods for detecting the presence of nucleic aad 
sequences encoding a proteins of the type HI secretion system for Bor<ietella in a sample. 

In one embodiment, the invention comprises contacting a protein encoded by a 
nucleic acid with the antibody of the invention thereby forming a detectable complex. 1^. 



24 



BNSDOCID- <W0 9959630A1_L> 



wo 99/59630 PCTAJS99/10690 

presence of the complex in the sample is indicative of the presence of the nucleic acid 
sequence. In accordance with the practice of the invention, the antibody can be labeled so as 
to directly or indirectly produce a detectable signal. The label includes but is not limited to a 
comppimd such as a radiolabel, an enzyme, a chromophore and a fluorescer, 
5 Further, in another embodiment, the invention comprises contacting the sample with 

any of the nucleic acid sequence of the invention and detecting the binding of the nucleic acid 
to a constituent in the sample thereby forming a complex. The presence of the complex being 
indicative of the nucleic acid encoding any of the bscV, bcr3, bopN, bsp22, bcrHl, bopD, 
bopB, bcrH2, bcr4, bscl, bscJ, bscK, bscL, bscN and bscO protein in the sample. In 
10 accordance with the practice of the invention, the constituent can be a DNA or RNA. 

Further, the sample can be a tissue or biological fluid sample. Examples of biological fluids 
include but is not limited to urine and blood sera. 

In accordance with the practice of the invention, the nucleic acid sequence can be 
labeled so as to directly or indirectly produce a detectable signal. Typically, the label is a 
15 compound selected from the group consisting of a radiolabel, an enzyme, a chromophore and 
a fluorescer. Other compounds are possible. 

The invention further provides a method for producing a Bordetella bacteria having 
an inactivated secretion system. This method comprises genetically modifying the Bordetella 
bacteria by removing any of the type III secretion genes, e.g., any or all of the nucleic acid 
20 sequences of invention. Alternatively, the method comprises genetically modifying the 

Bordetella bacteria by modifying any of the type III secretion genes so as to inhibit secretion 
or transfer of the gene product to the host. The genetically modified Bordetella having an 
inactivated secretion system so produced can be used as an attenuated strains for a vaccine 
against a Bordetella infection. 
25 Further, the invention provides a method for inhibiting infectious Bordetella bacteria 

in a subject by administering the genetically modified Bordetella so produced by the method 
above to a subject. Transient or limited colonization by the modified Bordetella results in 
protection against infectious bacteria. 

The type III system of the invention can be used to deliver macromolecules, e.g., 
30 proteins of interest, directly into host cells. There has been no previous report of a type III 
secretion system in Bordetella spp. and all of the previously identified protein toxins 
synthesized by Bordetella spp. do not appear to be secreted by a type III system. The data 
herein shows that genes of a type III secretion apparatus when expressed, e.g., in B. 
bronchiseptica. is regulated by the BvgAS two-component signal transduction system. 
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The regulation of W= m secretion is ..eM sinee secretion of many p«.urins via .Iris 
pathway appears u> be facilitated by direct contact between bacteria and targe. ceUs (Galan 
andBliska 1996). EnvironmenUl signals including pH, redox po.en.ial, osmolanty, and 
nurten. levels can also regulate expression of W« IH sys«em genes (Bajaj e. al., 1996; Lee. 

1997). 

nxe following examples are presented to illustrate the presem invention and to assist 
one of ordinary skill in making and using the same. The examples are not intended m any 
way to otherwise limit the scope of the invention. 



10 EXAMPLES 

Experimental procedures 

Bacterial strains and growth conditions. 

B bronchiseptica strains RB50, RB54 and RB53; B. pertussis strains Tohama 1. 
18323 and GMTl ; ovine isolate of 5. parapertussis strain HI have all been previously 

1 5 described (Cotter and Miller, 1994; Martinez de Tejada et al., 1996; Porter et al., 1994). B. 
pertussis st^in 17474 was a clinical isolate from Erlangen, Germany and human isolate of 
parapertussis strain A168 was from CDC, USA. B. bronchiseptica strain FFl was 
constructed from RB54 by replacing wild type promoters of^ai^ andy^aC with ±.flaA 
promoter to ectopically express FHA. All strams were cultured in Stainer-Scholte liquid 
20 medium orBGagaraspreviously described (CotterandMiUer, 1994; Cotter and Miller, 

1997; Martinez de Tejada et al., 1996). 

Differemial display. PCR. RT-PCR. Rl^A slo, Uo^. UNA sequencing ani moleaUar ctom»g 
To.al RNA was isolaled ftotn mid-log bacterial cultures using Trizol reagent (Gibco) 
according «. the manufacn^c^s protocol. Total RNA was revetsed-transcribed into cDNA 
using 2^g RNA, 200 ng random hexamers and Superscript U (Gibco) as descnbed by 
manufacwre^s protocol. Reaction conditions for differential display/arbitrary-pnmed PCR 
were as follows: One-tenth or one-twenUeth of cDNA from each reverse-ttanscnpbon 
reaction was combined witi, 3mM MgCh, 1 U Taq Polynrerase (Promega, Madison WI), 250 
each of the4dNTPs and 20 pmoles of primerinatotal volume of25 pi. AFTC-100 
30 thermal cycler (MJ Research) was used for the reactions. For short primers (lO-mers), the 
eycling parame^rs were: 45 cycles of (94«C for 1 min, 36"C for 1 min, ITC for 2 mm) and 
then72=Cfor5min. For longer primers (>17mers): 4 cycles of(94»C for 5 min, 40 C for 5 
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min and 72''C for 5 min) were followed by 30 cycles of (94''C for 1 min, 55*^C for 1 min and 
72°C for 2 min) and a final incubation at for 5 min. 

PGR products were analyzed on 2% agarose gels containing 0.5 (ig/ml ethidium 
bromide. To determine reproducibility, reactions with different concentrations of cDNA 
5 were run in duplicates. Specific bands of interest were isolated with Geneclean kit (BiolOl), 
reamplified under the same PGR conditions, and then cloned using the TA cloning kit 
(Invitrogen). 

For PGR with specific primer pairs, conditions were as follows: 2 mM MgCh, 1 U 
Taq Polymerase (Promega, Madison WI), 200 |iiM each of the 4 dNTPs, 1 i^M of each primer 

10 and 5% DMSO. For genomic DNA templates, a single colony of bacterial culture on a plate 
was picked and directly mixed into the reaction solution. For cDNA templates, one-twentieth 
of each reverse-transcription reaction was used. Cycling parameters were: 25 cycles of (94*^G 
for 1 min, 55^" or 50°C for 1 min and 72''C for 1 min) and a final incubation at 72°C for 5 
min. Sequence of primers used are shown in Table 2. 

15 RNA slot blots were performed as previously described (Gotter and Miller, 1997). 

Probes used were: a 500 bp EcoRI-Styl fragment of recA, a 450 bp Bglll-BamHI fragment of 
fhaB, a 500 bp PGR product offlaA using primers BA04 and BAOl 1, and a 420 bp PGR 
product of bscN using primers W3 and W4. All recombinant DNA techniques were 
performed as described in standard protocols (Sambrook et al., 1989). 

20 Bacterial conjugations, allelic exchanges, plasmid rescues and construction of in-frame 
deletion. 

Allelic exchanges were performed using suicide vectors pEG7 or pEGBR (Akerley et 
al., 1995; Gotter and Miller, 1997; Martinez de Tejada et al., 1996). DNA fragments used for 
homologous recombinations were subcloned into the vectors and then transformed into E, 

25 coli SMIO for mating to B, bronchiseptica. Matings, selection for gentamicin or kanamycin 
resistant co-integrants and coxmter-selection against sucrose sensitivity for second 
recombination events were done as described (Akerley et al., 1995; Gotter and Miller, 1997; 
Martinez de Tejada et al., 1996). 

DNA flanking original fragment of bscN (from arbitrary-primed PGR) was isolated as 

30 follows: the 420 bp PGR firagment was subcloned into pEG7 and the resulting suicide 
plasmid introduced into RB50. Genomic DNA from gentamicin resistant colonies 
(containing integrated plasmid by homologous recombination into the bscN gene) was 
digested with Nsil (one of several restriction enzymes used which does not cut within pEG7), 
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s=miga«d,«:«fon„=dinU.E.coUXLl-Bluea„dsele«edbyampicilUnr«is«ncc. The 
rescued plasmid contaffling cx« 4 kb of DNA was res«io.ion mapped and ftagments were 
subcloned into pBlueschpt for DMA se,«e„cu,g on boft strands. The assembled sequence 
was analysed for ORFs and searched for homologous sequences in .he databa^ u^g 
; BLAST (NCBI) and sequence alignments were performed with ALIGN m the FASTA 

program (U. Virginia). . . 

For construction of the in-fame deletion m l.cN, two PCR fiagments ustng pnmers 
W1+W2. which amplify a 350 bp fta^en. (ftom codon no. 54 to codon no. 170 ot^ tscM 
ORF) and primers W3.W4, which amplify a 420 bp 6agme„. (ftom codon 262 to 400) were 
0 Jd by overlapping PCR, using overlapping regions between W2 and W3. in dte presence 
oJprimI W, and W4. polymerase (Stratagene) was used for these PCRs. ^ resultant 
770 bp ftagment was sequenced ,o ensure maintenance of the reading frame and then 
subcloned into pEOBR. The resulting suicide vector was introduced into RB50 and ^»o 
recombination events were selected for (first by kanamycin resistance and then by sucrose 
,5 resistance,. Resulting colonies were screened by PCR with primers Wl and W4 wlnch g. a 

7,0 bp product from the genome of the deletion strain WD3 but a 1050 bp P™^- " 
wild type. For construction of the transcriptional LacZ fission with l.cN, the 420 bp PCR 
product from W3.W4 was subclone into the suicide vector pEGZ (MarUnez de Tejada et 
al., 1996), integrated into RB50 g«K>me by homologous recombination, and selected by 

20 eentamicin resistance. 

For consttuction of the in-frame deletion in t.p22. two PCR ftagments usmg pnmers 
D21 (yGCGGATCCAGTrTTGCCTGCGCGTCGJ') and 
D22(5'AACTCCOAGATCAATGGTCATG3') 

which amplify a 490 bp fragment (from upsfream of tsp22 ORF to including first 7 codons) 



25 



30 



D2375™TGACCATTGATCTCGGAGTTAACAGTrCCATCACCAACAAC3')and 

D24 (5'GCGGATCCAACCCCTGCAAGCTGCCC3') 
which amplify a 460 bp fragment (from the las, 9 codons ,0 downst^am oftsp22 ORF) were 
Uga,»d by overlapping PCR, using overlapping regions between D22 and D23,mthe 

presence of primers D21 andD24. The resultant 930 bp fragment was s«,uenced to ensure 
maintenance ofthe reading frame and then subcloned into pEGBR. The resulh.^ smcde 

vector was infroduced into RB50 (via conjugation with fransform«l coU SMIO strams) and 
two recombinaUon events we. selected for(f>rs,bylcanamycin resistance andthenby 

sucrose resistance). ResulUng colonies we. screened by PCR with primers D21 andD24 
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that gave a 930 bp product from the genome of the deletion strain D21 8 but a 1490 bp 
product from the wild type. Functional deletion of Bsp22 in D218 was confirmed by 
immunoblots. For complementation of D218, an 850 bp fragment consisting of the entire 
ORF of bsp22 was obtained by PGR with the primers 
5 LB25K (5*ACTGGTACCTCGGAGAAGGAACCATTTGCCTAC3') and 
B2FF3B (5'CTAGGATCCGCGGCACGCATGGATTGG3') 
which was subcloned into Kpnl and BamHI sites of the broad host range plasmid 
pBBRlMCS (Kovach, et aL, Four new derivatives of the broad-host-range cloning vector 
pBBRJMCS, carrying different antibiotic-resistance cassettes. Gene 166(1): 175-6 (1995)) to 

10 create the plasmid pLB2. pLB2 was transformed into E. coli stain SMIO which in turn was 
conjugated to D218 and resultant ex-conjugants selected by antibiotic resistance. 
SDS-PAGE, Western immunoblots and ELISA, protein sequencing, antibody production and 
/f-galaclosidase assays. 

Protein analysis on SDS-PAGE and immunoblots were performed as previously 

15 described (Cotter and Miller, 1997; Martinez de Tejada et al., 1996). Proteins from 15 horn- 
culture supematants were first precipitated with 10% trichloroacetic acid (TCA) for 4 hours 
on ice. 10 ml equivalent of supernatant was used for each lane loaded for detection by 
Coomassie staining while 1 ml equivalents were used for immunoblots. Total cellular 
proteins from L2 cell cultures were obtained by solubilizing cells on 6-well tissue culture 

20 plates with 300 )al of protein sample buffer and then scraped off and boiled for 5 minutes. 
One-tenth of that was loaded on each lane. Sera from rabbits, rats and mice previously 
infected with B. bronchiseptica for 1 to 2 months were diluted 1 :2500 for immimoblotting. 
Anti-phosphotyrosine monoclonal antibody from mouse was clone PT-66 from Sigma and it 
was used at 1 :2000 dilution for immunoblots. All detections of immunoblots were done with 

25 enhanced chemilimiinescence (Amersham). P-galactosidase assays were performed as 
previously described (Martinez de Tejada et al., 1996). 

For protein amino-terminal sequence determination, proteins separated by 
SDS-PAGE were electroblotted onto PVDF paper and stained with Coomassie Blue. A GST 
fusion of the entire ORF of bsp22 was constructed and purified with standard protocols using 

30 pGEX2T vector (Pharmacia). 8 week old BALB/c mice were injected i.p. with 100 ^g of the 
GST-fiision protein in a 1:9 emulsion with complete Freund's adjuvant on days 0, 14, 28, 35 
and 42 to induce antibody and ascites production. Ascites from the mice were collected on 
days 35, 42 and 49, and tested for specificity to antigens with inmiunoblots. Rabbit and 
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« antisera w^e diluted 1:2500 for immuBObloning. All detection, of tenunoblot. were 
done with enhanced chemiluminescence (Amersham). 

Mammalian cell cultures. cy,0U>»cUy assays, apoplosis assays and immmoftuorescen, 

Studies, . 1 X J 

5 L2 rat lung epithelial cell line (ATCC) was cultured in F12K medium supplemented 

with 10% fetal bovme serum (FBS) while J774 and RAW macrophage-Uke cell hues were 
cultured in DME with 1 0% FBS. L2 cells were grown to 70% confluency for cytotoxtcty 
assays and 95% confluency for phosphotyrosine assay. Bacterial infections of the cell 
cultures were done with multipUcity of infection (MOD ranging from 10 (for macrophage cell 
,0 lines) to 500 (for L2 cells) and bacterial suspensions were centrifuged onto the adherott cells 
at 500Xg for all the assays. For L2 cytotoxicity assays, at the end of incubations, the cells 
were washed three times with Hanks Balanced Salt Solution (HBSS), fixed in methanol and 
stained with Giemsa stain for 30 minutes before observations under a phase-contrast 
microscope. Cytotoxicity assays from the macrophage cell lines were performed usmg the 
15 Cytotox96 kit (Promega) as permanufacmrer's protocol. 

Apoptosis assays were performed using the in situ cytotoxicity assay kit based on a 
fluorescent TUNEL assay (Boehringer MamAeim) according to manufacturer's protocol. 
Cytotoxicity assays for the J774A.1 cell line were performed using the Cytotox96 tat 
(Promega) according to manubcmrer's protocol. Immunofluorescem labeling of L2 eel s 
20 were performed as follows: cells were fixed for 30 minutes in 4% paraformaldehyde and 
pemreabili^d with 0.1% TritonX-lOOm PBS for 10 minutes. Fixed samples were 
pro-incubated for 30 mmutes in 1% BSAfflanks balanced salt solution (HBSS) with 1 : 100 
dilution otnormal goat serum, followed by 60 minutes in 1 :200 dilution of primary antibody 
(against p65 subunit of NF-i=B, sc-372, Santa Cruz Biotechnology) in the same buffer. They 
25 were then washed 3 dmes in 1% BSAfflBSS and then incubated with 1:200 dilution of 
Alexa568 tagged goat anti-rabbit antibody (Molecular Probes) for 30 minutes. Cells were 
then washed 3 times in PBS and observed mider epifluorescent microscopy. 

Experimental animals. 

Infection of 4 week old female Wistar rats with either RB50 or WD3 was done as 
30 proviously described (Akerley et al., 1995; CoUer and Miller, 1997; Martine. de Tejada et al., 
1996) 1000cf«ofeachstraintaa5tilvolumewas,noculatedintra.nasally. Statistical 
significance of differences in colonization was detemiined by unpaired t-test compansons. 
Statistical significance of the differonces in survival time was determined by Logrank 
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(Mantel-Cox) comparisons. All experiments were in accordance with guidelines and 
protocols approved by UCLA Animal Research Committee. 
Identification and cloning of a yscN homologue from B. bronchiseptica. 

The technique of DD-PCR was used with arbitrary primers to identify genes that are 
5 differentially expressed under Bvg^ or Bvg' growth conditions in B, bronchiseptica in vitro. 
Total RNA was isolated from B. bronchiseptica strain RB50 grown under non-modulatmg 
(Bvg"^) or modulating (Bvg") conditions and reverse-transcribed to cDNA. The cDNAs were 
used as templates for PCR amplification using arbitrary primers ranging from 10 to 35 
nucleotides in length. Several primers amplified distinct fragments that were specific to the 

10 Bvg"^ phase. One of the primers, KB4, produced a 480 bp band from Bvg" phase cDNA only 
(Fig. 1, lanes 1 and 2). This band was cloned, sequenced and found to correspond exactly to 
an internal sequence oicyaA, the Bvg-activated gene encoding adenylate cyclase 
toxin/hemolysin. Another primer, ML2, produced a 420 bp fragment specifically from Bvg" 
phase, but not Bvg" phase cDNA (Fig. 1, lanes 5 to 8). The DNA and the predicted amino 

15 acid sequence of this fragment showed a high degree of similarity to the 3' end of the ORF for 
the j^^c// gene from Yersinia spp. (Bergman et al., 1994, Woestyn et al., 1994). The YscN 
gene product is postulated to hydrolyze ATP to provide energy for secretion of Yops 
{Yersinia outer proteins) via the type IE secretion system. There has been no previous report 
of type III secretion genes in Bordetella spp. The 420 bp RT-PCR fragment was used to 

20 clone the complete ORF and flanking genes by plasmid rescue (described in Experimental 
procedures). The 420 bp fragment lies within an ORF encoding a predicted 48 kD protein 
with a 64% amino acid identity to YscN from Yersinia (Fig. 2a). This B. bronchiseptica 
protein was designated BscN. 

BscN contains two conserved Walker Boxes (Walker et al., 1982), suggesting it can 

25 bind and hydrolyze ATP. Fourteen other ORFs flank bscN (Fig. 3). Thirteen of these ORFs 
show amino acid sequence similarities to proteins in Yersinia spp. which comprise part of the 
Ysc type III secretion apparatus (AUaoui et al., 1995; Bergman et al., 1994), and also the 
corresponding Psc homologues in Pseudomonas aeruginosa (Yahr et al., 1996). The 
homologous ORFs were designated in B. bronchiseptica as bscV, bcr3, bopN, bcrHl, bopD, 

30 bopB, bcrH2, bcr4, bscl, bscJ, bscK, bscL, bscN and bscO. The nucleotide sequence of a 4.6 
kb fragment containing some of these genes have been deposited in Genbank under the 
accession number AF049488 (incorporated herein by reference in their entirety). A 13500bp 
sequence corresponding to the 15 ORF and flanking sequences is presented in figure 18. The 
organization of these ORFs suggests that they may be transcribed as an operon. 
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BscN expression is positively regulated by BvgAS. 

Three assays were used to investigate the role of BvgAS in the control of bscN 
expression: RT-PCR, slot blot hybridizations of total RNA and lacZ transcriptional fusion 
analysis. Figure 4a shows resuUs of RT-PCR using various primer pairs on genomic or 
5 cDNA templates prepared from RB50 grown under Bvg"" or Bvg* phase conditions. Primers 
specific for the filamentous hemagglutinin (FHA) structural gene (fhaB), a Bvg"*" phase factor, 
gave rise to a PCR product of the correct size only from cDNA made from Bvg"^ phase RNA. 
Primers specific for flagellin (JhaA), a Bvg' phase gene, gave rise to a PCR product only from 
cDNA made from Bvg* phase RNA. These controls confirmed that the RNAs from Bvg"^ and 

10 Bvg" phase grown RB50 contain phase-specific U"anscripts. Mock reactions, which did not 
contain reverse transcriptase in the RT reactions, did not give rise to PCR products, 
confirming negligible genomic DNA contamination in the RNA preparations. The two pairs 
of primers specific for bscN (WRW2, which amplify a 350 bp region in the 5* end; and 
W3+W4, which amplify a 420 bp region in the 3' end) generated products of the expected 

15 sizes only from cDNAs derived from Bvg^ phase RNA. cDNAs were also prepared from 
Bvg"" and Bvg' phase-locked derivatives of RB50, RB53 and RB54, respectively. Only 
cDNAs prepared from RB53 RNA generated PCR products of the expected sizes with 
primers specific for bscN (Fig. 4b). RT-PCR with primers specific for the bscIJKL loci 
produced the same results, showing that they were transcribed only in the Bvg"^ phase. 

20 To confirm the results from RT-PCR, a DNA probe specific for 420 bp of the 3' end 

of bscNv/diS used to hybridize to total RNA on slot blots (Fig. 4c). The control probes for 
transcripts of JhaB (a Bvg" phase \oc\xs\ flaA (a Bvg phase locus) and recA (not regulated by 
Bvg) showed that the RNA preparations were quantitatively loaded and Bvg phase specific. 
The probe for bscN showed a much higher degree of hybridization to the RNA derived from 

25 Bvg^ phase compared to Bvg' phase grown cultures. Finally, a strain of RB50 containing a 
transcriptional ftision of the lacZ gene integrated into the 3' end of the chromosomal bscN 
locus was constructed. Beta-galactosidase assays of this strain grown under Bvg"" and Bvg* 
phase conditions during exponential growth showed a twenty-five-fold induction in Bvg"" 
phase (P-galactosidase units of 362i:65 in Bvg'' phase versus 13±5 units in the Bvg* phase). 

30 bscN expression is tightly regulated by the bvg locus and it is transcribed preferentially in the 
Bvg"*" phase. 

BscN is required for secretion of specific Bvg^ phase polypeptides. 

Absence of a functional fee// abolishes type III secretion. An in- frame deletion in the 
RB50 bscN locus was constructed as described above. The resulting strain, designated WD3, 
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has a deletion that removes both Walker Boxes (see Fig. 2a) and should render the BscN 
protein functionally inactive, based on data from similar mutations in Yersinia spp. (Woestyh 
et al., 1994). WD3 shows a similar growth rate in Stainer-Scholte medium compared to that 
of RB50 (doubling time of 85 minutes for WD3 versus 90 minutes for RB50 at 2TC v^dth 
5 aeration). 

To determine if BscN is involved in protein secretion in B. bronchiseptica, the protein 
profile of culture supematants from RB50 and WD3 was compared. WD3 produced and 
secreted FHA at levels comparable to RB50 based on immunoblots and also showed the same 
degree of hemolysis on BG blood agar, suggesting the secretion of FHA and AC/HLY were 

1 0 not noticeably affected by the bscN mutation. Total cellular protein preparations from RB50 
and WD3 showed very similar profiles on SDS-PAGE based on Coomassie staining and on 
immunoblots with post- infection sera against B. bronchiseptica. However, comparison of 
Coomassie stained proteins from supematants of 15 hour cultures of RB50 and WD3 grown 
under Bvg* phase conditions revealed several polypeptides in the culture supematants from 

15 RB50 but not WD3 (Fig. 5, lane 1 and 2, open arrows). 

Immunoblot analysis of concentrated supernatant with sera from a rabbit, rat and 
mouse previously infected with RB50 also identified proteins secreted by RB50 but not by 
WD3 (Fig. 5, lanes 3 to 9, solid arrows). These proteins are secreted only in the Bvg"" phase 
as none of them were detected in the culture supernatant of a Bvg* phase-locked strain, RB54 

20 (lane 5). Interestingly, the most prominent bands observed on inmiunoblots did not 
correspond to the most significant bands detected by the Coomassie staining, with the 
exception of the 22kD band. Although the antisera were from different mammalian species, 
they all recognized the same proteins that were differentially secreted from RB50 and WD3. 
When antisera from animals infected with WD3 were used as probes, none of the 

25 differentially secreted proteins were detected (Fig, 5, lanes 10 to 13). This correlates with the 
observation that the proteins were secreted from RB50 and not WD3. These results indicate 
that the in- frame deletion in bscNl^dids to a significant decrease of a subset of Bvg"*" phase 
polypeptides in the culture supematants. Detection of these bscN-dependent secreted 
proteins by antisera from RB50 infected animals indicates that they are antigenic and 

30 expressed in vivo. 

At least 9 polypeptides are secreted by type III secretion apparatus in B. 
bronchiseptica. 
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l..fr.n.e dele,ion of^^ leads -o decreased c^coM^ o/B. broncHscptica ,o n,ammalian 

ce//s in vitro. . , j- n^ot 

B bronchiseptica .dheres to a variety of mammalian cells in culture meludtng L2 rat 

lung q>ithelial cells and J774 macrophage-like cells. In both cases, binding is Bvg* phase 
dependent. After prolonged binding of RB50 to L2 cells (2 hours or more), it was observed 
tha, the L2 cells began to show signs of toxicity: the cytoplasm shrinks, cells round up and 
detach from the culn« plates (Fig. 6c). The bscN deletion strain WD3, which in the Bvg 
phase bound to L2 cells with simUar efficiency as RB50, did not lead to the same degree of 
observable toxicity to L2 cells over the same time period (Fig. 6f). A Bvg phased-lock stram 
which has been engineer«l to ectopically express FHA (strain FFl) but does not express 
other Bvg* phase factors, could bind to L2 cells but did not elicit any signs of cytotoxtcty tor 
over 2 hours (Fig. 6d). Incubation otL2 cells with only the supernatant from cultures of 
RB50 did not appear to cause cytotoxic effects. 

To measure the cytotoxicity of various stratus of B. broncH^eptica towards 
macrophage cell lines J774 and RAW, the release of lactate dehydrogenase was measured 
after a 4 hour incubation with bacteria. WD3 was significantly less cytotoxic to these ceUs 
tt^ RB50 (Table 1). Therefore, cytotoxicity of B. broncHiseplia. towards phagocytic and 
non-phagocytic mammalian cells /» vi.ro depends, at leas, partially, on a ftmctional BscN. 
Wild type B. bronchiseptica. hut not the bscN deletion strain, causes tyrosine 
dephosphorylalionofmammalian cell proteins when bound to L2 cells. 

One of the Yops secreted by the type III secretion system in Yersinia is YopH which 
has sequence similarity to manunalian protein-tyrosine phosphatases (FTP) and is injected 
into host cells upon contact, causing tyrosine dephosphorylation of specific host ceU proems 
(Andersson et al., 1996, Black and Bliska, 1997; Persson et al., 1997). To determme itB. 
5 bronchiseptica causes any change in tyrosinc-phosphorylafion of host cell proteins upon 
attachment, bacteria were bound to L2 cells for one hour, then total proteins were separ«ed 
by SDS-P AGE and ptobed with antibody specific for phosphotyrosine. Ftgurc 7, lane 1 
shows tha, only one protein from B. bronchiseptica itself was recognized by the anfbody 
while lane 2 shows a number of tyrosine phosphorylated polypeptides from uninfected 
,0 cells. Within one hour of binding to L2 cells, wild type Bvg* phase RB50 caused the tyrosme 
dephosphorylation of two or more high molecular weight polypeptides from the L2 cells 
(lane 3, arrows). This dephosphorylation could be inhibited in the presence of 1 mM 
vanadate (lane 4), which inhibits FTPs. This dephosphorylation process did not occur 
following the binding of Bvg* phase WD3 to L2 cells (lane 5) or FFl . the Bvg phase-locked 
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Strain expressing FHA adhesin (lane 6). Effector proteins secreted by 5. bronchiseptica into 
host cells via the Bsc type HI secretion system cause tyrosine dephosphoylation of specific 
host proteins. 

B. bronchiseptica type III secretion system dependent apoptosis. 
5 Bvg+ phase B. bronchiseptica adhere to a variety of mammaUan cells in culture, 

including rat lung epithelial (L2) cells and J774A.1 and RAW macrophage-like cells. 
Prolonged binding of RB50 to L2 cells (>2 hours) caused the L2 cells to show marked signs 
of cytotoxicity. Lactate dehydrogenase release measurements also support the cytotoxicity of 
RB50 to J774A.1 and RAW cells. None of these cells displayed signs of cytotoxicity when 

10 bound by FFl , a Bvg- phase-locked strain that binds the cells by virtue of an ectopically 
expressed FHA. In all three cell lines, cytotoxicity was shown to be dependent on type III 
secretion, as WD3 induced less than 4% of the levels of cytotoxicity observed following 
incubation with RB50. 

The cytotoxicity resulting from the activity of the type III secretion system is 

15 correlated with apoptosis. Fluorescent TUNEL reagent was used to detect DNA 

fragmentation, a characteristic of apoptotic cells (Fig. 15). At 30 min. post infection 30% of 
L2 cells and 60% of J774A.1 cells incubated with RB50 contained strongly labeled nuclei. In 
contrast, although L2 and J774A.1 cells incubated with WD3 had similar numbers of 
adherent bacteria, a negligible fraction of nuclei were stained in the TUNEL reaction. DNA 

20 fragmentation analysis showed similar results. Thus, wild type B, bronchiseptica can induce 
apoptosis in both phagocytic and non-phagocytic mammalian cells. A type III secretion 
effector or combination of effectors, is useful for inducing apoptosis in mucosal epithelial and 
inmiune cells. 

B. bronchiseptica type III secretion system dependent NF-kB sequestration, 
25 NF'KB is a eukaryotic transcription factor that plays a central role in mediating gene 

expression induced by pathogens and other noxious stimuli. NF-kB is activated when it is 

released from I-kB, an inhibitory subunit which masks NF-aB's nuclear localization signals. 

Upon translocation from the cytoplasm to the nucleus, NF-kB fimctions as a transcriptional 

activator for a variety of genes including those encoding inflammatory cytokines such as IL- 
30 6, IL-8, TNFa and GM-CSF. NF-kB has also been shovm to play a role in preventing 

apoptosis, most likely by inducing the expression of "anti-apoptotic genes." 

Our experiments using an anti- NF-kB antibody and inrununofluorescence microscopy 

showed that type III secreted effector factors alter NF-kB activity. (Fig. 17.) In uninfected 
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L2 cells, NF.,S staining was difftxse and evenly spread throughout the cytoplasm. 
Stimulation by TOFa resulted in intense nuclear staining, indicative ofNF-KB translocation 
into the nucleus. In contrast, in cells infected with RB50, anti- NF-kB staining was 
concentrated in discrete cytoplasmic foci, suggesting NF-^ was localized in the cytoplasm 
5 in large complexes of unknown composition. 

The pattern oINF-kB staining in WD3 infected cells was the same as in uninfected 
cells, i.e. diffusely localized throughout the cytoplasm, indicating that the aberrant 
locaUzation of M^-^ seen in RB50 infected cells requires Bsc type III secretion. 
Furthermore, RB50, but not WD3, inhibits TNFa-mediated translocation oiNF-nB to the 
10 nucleus. 

Type III secretion is necessary for long term tracheal colonization in rats. 

Wistar rats inoculated with low doses of RB50 (IDso<20) become chronically mfected 
in the nasal cavity and trachea (Akerley et al., 1995; Martinez de Tejada et al., 1996). To 
detemiine if WD3 is capable of colonizing the rat respiratory tract, 1000 colony formmg umts 
15 (cfu) of either RB50 or WD3 were inoculated intranasally in a 5 ^1 droplet into groups of 
Wistar rats (female, 4 weeks old). After 14 days, similar numbers of cfu were recovered 
from the nasal septum and trachea of all rats infected with either strain. After 35 days of 
infection, similar numbers were recovered from the nasal septum of rats infected wxth either 
strain WD3, however, was not found in the trachea of infected animals while all rats 
20 infected withRB50had>10Wimeterbacteriarecoveredfromthetrachea(Fig. 8;seealso 
Fig 1 la and b for other mutants and other species.). Therefore. WD3 appears to be 
specifically defective in persistence in the trachea, but not in establishing infection or m long- 
tenn colonization of the nasal septum. The rather remarkable specificity of the infection 
phenotype may relate to the fact that the trachea is usually sterile, whereas the nasal cavity is 
25 teaming with bacteria. bscN-dependent secretion may therefore be required to evade 
inducible immune responses that normally protect the lower respiratory tract. 

Examination of lung tissue from wild type mice 24 hours post-inoculation with 10 
cfu of wild type B. bronchiseptica delivered in a 50 ^1 volume showed a modest degree of 
inflammation. Many of the inflammatory cells that were present appeared to be undergoing 
30 apoptosisasindicatedbystrongnuclearstainingwiththefluorescentTUNELreagent. In 

contrast, lungs from mice infected with WD3 showed a significantly greater degree of 
inflammationandvery few ofthe cells stained positively with the TUNEL reagent. Fig. 16. 
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Comparison o/bscN expression in Bordetella spp. 

A primer pair specific for the sequence of bscN in B. brpnchiseptica strain RB50 
(W3+W4) were used for PGR amplification of genomic DNA and cDNA from the following 
strains of Bordetella: B. pertussis strains Tohama 1, 18323, GMTl and 17471, B. 

5 parapertussis strains AI68 (human isolate) and H 1 (ovine isolate). All of the strains tested 
contained the genomic sequence for bscN as shown by amplification of an expected 420 bp 
band fi-om genomic DNA (Fig. 9). Amplification firom cDNAs showed that B. pertussis 
strain 18323 and the ovine isolate of 5. parapertussis produced a detectable transcript fi-om 
this gene. A very weak signal was detected fi-om B. pertussis strain 17471, while Tohama 1 

10 and GMT 1 did not produce any detectable RT-PCR product. Other primers specific for 
sequences in the bscJ, bscK and bscL loci also gave the same results (i.e. firagments of the 
expected size fi-om genomic DNA but no products fi-om cDNA). Controls using primers 
specific fox JhaB showed that the cDNA preparations were Bvg* phase specific. These results 
indicate that type III secretion genes are present in all the tested Bordetella strains. However, 

1 5 under the in vitro conditions used to grow the bacteria for RNA isolation, B. bronchiseptica 
strain RB50, B. pertussis strain 18323 and ovine B. parapertussis strain HI showed 
significant transcription of 6sc^^ detectable by RT-PCR, while the other B. pertussis strains 
and the human B. parapertussis isolate did not. 

Generation of genetically engineered, heterologous antigen producing Bordetella. 

20 DNA encoding the heterologous Pasteurella multocida antigen, is subcloned between 

two flanking sequences of Bordetella DNA. The flanking sequences are preferably about 500 
bps. If the a fusion protein is desired, the flanking sequences are part of the open reading 
fi-ame in which the antigen will be fused to such that all the sequences are in the same reading 
fi-ame. The construct is then cloned into a suitable suicide vector, having a selectable marker 

25 (antibiotic resistance, for example) and a counter-selectable marker (sucrose sensitivity, for 
example). pEGBR, for example, may be used. The vector is then transformed into suitable 
bacteria, E. coli strain SMIO, for example. The allelic exchange vector is then transferred 
into Bordetella by conjugation. Bordetella that has received the plasmid and integrated it into 
the genome at the specific site (determined by the flanking sequences) can be selected by 

30 antibiotic resistance encoded by the suicide plasmid. This strain of Bordetella is then 

counter-selected with sucrose to select clones that have undergone a second recombination 
event to remove the integrated plasmid. Colonies that have the desired antigen DNA 
sequence integrated into their genome can be identified by PCR with specific primers, 
southern hybridization or immunoblots with antibodies specific for the antigen, or the like. 
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For example, an allelic exchange veot»r wiU. .he open reading ftame for U>e desired 
genemaybeiHser^dinmeSnaBl site between fte end of toeS. 6r<,„.*..<^«c. HaA codmg 

region and inmedialely upstteam of the transcription «op site. This construct does not 
disrupt expressionofflaA and doesno. affect expressionof downstream genes, aha 

5 constructs using other genes may also be used. 

iiv. a«.»u«.d Bordetella are effective pro,ec,ing Hosts from mfecion by ^Id type B. 
bronchiseptica 

Eight rats per group were inoculated with 10' cfu of either wild type S. 
.roncHiseptica (RB50) or the ,scN mutant (WD3). 35 days later, three rats from each g^up 

,0 were sa^ficed and colonization levels in the nasal cavities and tracheas were determmed^ 
AS expected, RB50 was recovered a. about lo' cfe fi.m each nasal septum and about 10 
cfir per cm trachea, while WD3 was also r^overed at about 10= cfu per nasal septum but no 
WD3 bacteria were recovered from the tracheas. Tlte remaining five rats were challenged 
with 10« cfu of RB50O delivered in a 50ul volume. (BB50G is a derivative of RB50 

15 containing a Gm .distance gene immediately 3' to the/IoA gene. This stramts 

indistinguishable torn RB50 in its ability to establish persistent infections in rats and m,ce). 

A 50U1 volume was used for the challenge so that bacteria are delivered to the entire 

respiratory tract (i.e. the nasal cavity, the trachea and the lungs). Seven days later, the rats 
. were sacrificed and the number of Gm' and Gm'bacteria recovered from the na^l septa. 
,0 larynx, trachea and lungs determined. For rats initially infected with RB50, 2 of t e 5 rats 

c:!:ned.ownumbers(abou..0VfGm'bacteriaintheirnasalcavitiesand.racheasw^^ 

no Gm' bacteria were recovered from any site in the remaining 3 rats. For antmals .mtta ly 
infected with WD3, no Gm' bacteria were r^overed ftom any site in the res^ratory tract 
from any animal. The number of Gm' bacteria (RB50 and WD3) recovered from each s,te 
25 was similar to those rats sacrificed before challenge. The attenuated strain, WD3, was 

therefore superior to wild type B. broncHtsepttc. in its ability to induce protecUvc tmmum^ 
against wild type B. bronchiseptica. 
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Claims: 

1. A genetically engineered type III secretion system Bordetella mutant. 

2. The type III secretion system mutant of claim 1 comprising a mutation in a gene 
encoding a protein or polypeptide selected from the group consisting of core component, 
effector, accessory factor and combinations thereof. 

3. The type HI secretion system mutant of claim 2, the mutation being present in Bordetella 
selected from the group consisting of 5. pertussis, B. bronchiseptica and B. parapertussis. 

4. The type ffl secretion system mutant of claim 3. the mutation being present in B. 

bronchiseptica, 

5. The type III secretion system mutant of claim 2, the mutation being present in gene 
encoding a protein or polypeptide selected from the group consisting of bscV, bcr3, bopN, 
bsp22, bcrHl, bopD, bopB, bcrH2, bcr4, bscl, bscJ, bscK, bscL, bscN, bscO and combinations 

thereof. 

6. The type III secretion system mutant of claim 5, the mutation being present in the gene 

encoding bscN. 

7. The type III secretion system mutant of claim 5, the mutation being present in the gene 
encoding bsp22. 

8. The type III secretion system mutant of claim 1, the mutation comprising the deletion of a 
type in secretion system protein locus. 

9. The type III secretion system mutant of claim 1, the mutation comprising an in frame 
codon deletion of a type III secretion system protein locus. 

10. The type III secretion system mutant of claim 1, the mutation comprising a codon 
substitution of a type III secretion system protein locus. 
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11. A live, attenuated vaccine component against Bordetella comprising a type III secretion 
system mutant of claim 1. 

12. The live, attenuated vaccine component against Bordetella of claim 11 comprising a 
mutation in a gene encoding a protein or polypeptide selected from the group consisting of core 
component, effector, accessory factor and combinations thereof. 

13. The live, attenuated vaccine component against Bordetella of claim 1 1, the mutation 
being present in a Bordetella selected from the group consisting of B. pertussis y B. 
bronchiseptica and 5. parapertussis, 

14. The live, attenuated vaccine component against Bordetella of claim 13, the mutation 
being present in B. bronchiseptica. 

15. The live, attenuated vaccine component against Bordetella of claim 12, the mutation 
being present in gene encoding a protein or polypeptide selected from the group consisting of 
bscV, bcr3, bopN, bsp22, bcrHl, bopD, bopB, bcrH2, bcr4, bscl, bscJ, bscK, bscL, bscN, bscO 
and combinations thereof 

16. The live, attenuated vaccine component against Bordetella of claim 15, the mutation 
being present in the gene encoding bscN. 

17. The live, attenuated vaccine component against Bordetella of claim 15, the mutation 
being present in the gene encoding bsp22. 

18. The live, attenuated vaccine component against Bordetella of claim 11, the mutation 
comprising the deletion of a type III secretion system protein locus, 

19. The live, attenuated vaccine component against Bordetella of claim 11, the mutation 
comprising an in frame codon deletion of a type III secretion system protein locus. 
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20. The live. at.«,ua.ed vaccine component againstSorde-eifa of claim 11, fte muation 
comprising a codon snbstituUon of a type m secretion system protein locus. 

21. A purified nucleic acid comprising a sequence encoding a Bordetella type in secretion 

system component. 

22. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 1. 

23. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 2. 

24. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 3. 

25. The purified nucleic acid of claim 21, the sequence comprising Seq. ED 4. 
26 The purified nucleic acid of claim 21, the sequence comprising Seq. ID 5. 

^c;«aSpn TD6. 

27. 



28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 



me pumicu iiuvis-iv » 

The purified nucleic acid of claim 21. the sequence comprising Seq. ID 6. 
The purified nucleic acid of claim 21. the sequence comprising Seq. ID 7. 
The purified nucleic acid of claim 21, the sequence comprising Seq. ID 8. 
The purified nucleic acid of claim 21. the sequence comprising Seq. ID 9. 
The purified nucleic acid of claim 21, the sequence comprising Seq. ID 10. 
The purified nucleic acid of claim 21, the sequence comprising Seq. ID 1 1. 
The purified nucleic acid of claim 21. the sequence comprising Seq. ID 12. 
The purified nucleic acid of claim 21, the sequence comprising Seq. ID 13. 
The purified nucleic acid of claim 21. the sequence comprising Seq. ID 14. 
36. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 15. 

37 The purified nucleic acid of claim 21, the sequence comprising Seq. ID 16. 

38 The purified nucleic acid of claim 21, the sequence being selected from the group 
consisting of Seq. ID 1. Seq. ID 2, Seq. ID 3, Seq. ID 4, Seq. ID 5, Seq. ID 6, Seq. m 7 S^. ^ 
8, seq. ID 9, seq. ID 10, Seq. ID 11, Seq. ID 12, Seq. ID 13, Seq. ID 14. Seq. ID 15 and Seq. ID 

39' An isolated and purified polypeptide encoded by a nucleic acid sequence selected from 
the group consisting of Seq. ID 2, Seq. ID 3. Seq. ID 4, Seq. ID 5. Seq. ID 6, Seq. ID 7, Seq. ID 
8, Seq. ID 9, Seq. ID 10, Seq. ID 11, Seq. ID 12. Seq. ID 13, Seq. ID 14, Seq. ID 15 and Seq. ID 

To' A live mucosal antigen-delivery vector comprising a genetically engineered Bordetella 
expressing a heterologous antigen. 
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41. The live mucosal antigen-delivery vector of claim 40,wherein the heterologous antigen 
comprises a protective epitope. 

42. The live mucosal antigen-deUvery vector of claim 40 wherein the heterologous antigen is 
derived from an agent selected from the group consisting oi Leptospira canicola, L, 
grippotyphosa, L. hardjo, L, icterohaemorrhagiae, £, pomona, L. interrogans, L. Bratislava, 
canine distemper virus, canine adenovirus type 2, canine parainfluenza virus, canine parvovirus, 
rabies, herpes viruses, HIV, SIV, Erysipelothrix rhusiopathiae, Pasteurella, P. multocida, 
Ascaris, Oesophagostomum, pseudorabies virus, porcine parvovirus, pathogenic E, coli, 
including E, coli having K88, K99, 987P, and/or F41 adherence factors, Clostridium spp,, 
including CL perfringens, and CI perfringens type C beta toxoid, Salmonella, Vibrio, 
Mycoplasma, Actinobacillus pleuropneumoniae, Haemophilus, rotavirus, transmissible 
gastroenteritis virus, Streptococcus sobrinus, S. mutans, and Bordetella virulence factors. 

43. The live mucosal antigen-delivery vector of claim 42 wherein the heterologous antigen is 
Pasteurella multocida. 

44. The live mucosal antigen-deUvery vector of claim 40 wherein the genetically engineered 
Bordetella further comprises a type III secretion system mutant. 

45. The live mucosal antigen-delivery vector of claim 44 wherein the genetically engineered 
Bordetella is Bordetella bronchiseptica. 

46. A vaccine comprising the live mucosal antigen-delivery vector of claim 40. 

47. A method for vaccinating an animal susceptible to infection by wild type Bordetella 
bronchiseptica comprising administering an effective amount of a genetically engineered 
Bordetella bronchiseptica comprising a type III secretion system mutant. 

47. A method for vaccinating an animal susceptible to infection by an agent comprising 
administering an effective amount of a Bordetella genetically engineered to express an antigen of 
the agent. 

48. A method for cloning a DNA molecule having a sequence encoding a protein or 
polypeptide secreted by a Bordetella type III secretion system comprising isolating and 
characterizing a protein or polypeptide secreted into the medium by wdld type Bordetella but not 
by a Bordetella type III secretion mutant. 

49. The method of claim 48 wherein the method is selected from the group consisting of 
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a) Dculturing a Bordetella type m secretion mutant which does not secrete type m 

secretion factors; 

2) isolating the supernatant of the mutant culture; 

3) precipitating and separating the proteins in tiie supernatant; 

4) performing steps 1-3 with a culture of wild type Bordetella; 

5) isolating polypeptides present in the wild type but absent from the mutant culture 

supernatant 

6) determining the amino-terminal sequences of the isolated polypeptide; 

7) isolating a DNA sequence comprising codons encoding the determined amino-tem.mal 

sequence; and 

b) 1) immunizing a first species with a supernatant from wild type Bordetella culture; 

2) immunizing a second species with a supernatant from a Bordetella type ni secretion 
mutant which does not secrete type IH secretion proteins or polypeptides; 

3) expression screening filters comprising ^Bordetella expression library by first 
blocking the filters with a solution comprising the serum from species B, then hybridizing the 
filters with a solution comprising the serum of species A; 

4) incubating the filters with a solution comprising labeled antibody specific for species 

A antibodies 

5) isolating a characterizing the clones obtained. 

50. A DNA molecule encoding a protein or polypeptide secreted by a Bordetella type m 
secretion system obtained by the method of claim 48. 

51. A DNA molecule encoding a protein or polypeptide secreted by a Bordetella type III 
secretion system obtained by the method of claim 49. 
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GAATTCCAGCGCCGCCGTCATAGATCCACCCTGCCCAGGGGCTGTACATTGATCTCCGGCGTCAGTTCCTGGTAGGACAG 
CACCGGCAGGGCGTAGAGATCGGCTTCGATCATCTTGCGCGTGTAGCGCCGGATGTCCATCGACGTCAGCAAGACGGGAC 
GGCTCGCGCCGGCGGCCAGATCGCCGACACATTGGCGTATGTGCTCGACCAGCCGGCGTGTCGTGTCCGGATCGAGGGCG 
AAATAACTGCCGGCGGCGGTCTGCCGGATGGCGGCGCGCACGGTTTCCTCGACCTTGGGGGCCAGCAGGTAGGCGGGCAG 
GATATTGTGGCCGCTGGTGTACTTGTAGCTGATATAGCGCTTGAGTGCGATTCGGACATACTCCGTAAGCAGGACGGTAT 
CCTTTTCCTTCTGGCCCCATTCGACCAGCGCTTCCAGGACGGCGCGCAGGTTGCGTATCGACACTTCCTCGGAAACAAGG 
CGCTGCAGGATTTCGGCAATCTTCTGCACCGGCATGACGCGCAGGCACTCCTTGACCAGATCGGGAAATCGTTTTTCCAT 
GGCCGAAAGCAGAAACCGGGTTTCCTGGATGCCGATGAAATCGGCTGAATATTTTTTCAGTACATATGCCAAGTGCCAAG 
TCAGGATCTGGCTGATACCCAGGTAAGGAATACCTGCATCGCGCAAGGCGCCGGTCAGACTGGCTGCAACCCAGATCGTG 
GGCGTATCGGGCAGAAAGGCCGCGCCCGTTTCGTATGCGATCCGCAGGGCCTGCAGGTTCTGCTCGGTGTCCCGCACCAG 
CACGGCATCGTCGCGCAACATCCCCTGCGCCACCGGGATCTCCGACAGCACGATGGTGTAGGTATTGGCGGCCAGCGCTT 
CGGTGAAGCGCAACTGGATGCCGGGAAATGGCACGCCCAAGTCGAAATAGAGCGCCCGCCGGATCTGCAGCAGATCGTCG 
GTGAGGGTGGCCGGCTCGAACCGGGGCTGCAGCCGCGCGGCCACGTCGATGATCAGCGGGACGGTGGGAGCGAATTCCGC 
CTGTCCATCCGCCGGCGCGCGGGTGCGGGGCAGGCCGTCGGCAGCCATGCCGGCGAGCGCGGGCCCGGCGCCTTCGGGCG 
GACGCTGGGATGCGCGCAGCAGTACGAAACCGATGGTGCCCACCACGGCGGCCAGGGCGAAGAAGACCAGCGTGGGCATG 
CCGGGAATGAGGCCCAGGCCTGCCGAGATCGCGCCGGCAATGACCAGGGCGCGAGGCTGCGCCAGCACTTGTGCGCCGAT 
GTCGGTGCCTACGTTGGAGGGGCCATCCCCGGTCTGCACCCGCGTCACGATGATTCCCGCGCAGATGGCGATGAACAGCG 
CCGGGATCTGCGCGATGAGCCCGTCGCCTATGGTCAGGATGGCATATGTCTGCACGGCCTCGCCGGCGCTCAGGCCGCGC 
TGCAGCACGCCGACCAGCATGCCGCCAAGCAGGTTGACGGCAACGATGATCAGGCCGGCGATGGCATCGCCCTTGACGAA 
CTTCATCGCGCCGTCCATGGCGCCATACAGTTGGCTTTCCTTCTCGACCGTACGGCGTCGGCGGCGGGCTTCGTCCATGT 
CTATGGTGCCCGCGCGCAAGTCCGCGTCGATGGACATCTGCTTGCCGGGCATGGCGTCCAGCGAGAAGCGCGCGGCGACT 
TCGGCCACCCGCTCCGCGCCTTTGGTGATGACCACGAACTGCACGATCGTGAGGATGAGGAAAACCACCAGGCCGACGAT 
CAGGTTGCCGCCCACCACGAAGTTGCCGAAGGTCTCGATGATGTGGCCGGCATCGCCTTGCAGCAGGATCAGCCGCGTGG 
TCGCGATGGAGATGCCCAGCCGGAACAGCGTGGTGACCAGCAGGACCGAAGGGAACGAGGAAAACGCCAGGGGCGAAGGC 
AGGTACATCGCGACCATCAGCAGGACCGCGGACAGCGTCATGTTCGCACCGATCAGCACGTCGACCAGCGTCGfaGTTGGG 
CAACGGCAGGATCATCATGAAGACGATCGCCACGATGAGCACGGCCAGTACGATGTCGTTGCGGCTGGTGGCCAGCGCCA 
CCGCGCGTTGCAGGCGGAGAATGGATTTCTTGCTCGTCATGGCGGGGGCGCGCTCGCGCAAGACGCCGCCCGTAGCGCCA 
TATAGTCACGCATGGCCTGGCGGGCGTCGTCGGGTCGGTTCAGCGCCTGCATGGCCTGCGCCCGGACCAGATGGCCGGCG 
GCATCGGGTGTGGCGCGCAGCGCGCGCTTGTCCAGCGTGACCAAGGCCATGCGCGGTTCGTCCTGGTGCAGATAGCCCAG 
CGCCAGGGCCAGCAGGGAGCGGCTGTCGATCGCGTCCAGGGCATCCAGGGCCGCCAGCAGGGCAACCGTCTTGCTCCATT 
GGCGCTGCAACTGGTATTGGTGCGCAAGCAATTGCAGAAGTTCGCGTACCTGAAGGCTGGGGTAGGGTAGGGTATGCGGC 
ATCATCCCTGGTAGAGCGCGCTGCGATACATGGCAGCCAGGTCACGCAGCTTTCCGGCCTCGTTGAGGACGTGCAAGGCG 
CGGCTCAAGGCCGGCGCGGTGTTGCCGGCGTGCAGTTCCATGGCCCGGGACAGTTCGTCGCGCGCCCGCGCCAGGGCGCG 
CTCGAACTGCGCGGGCTGGAGCAATGCGCCATCCGTCAGGCGGGGCCGCGCCGACTCGTCGAGCATCGCGCTCAGGTCCG 
GACGCACGAGCAGGGCTTTCAGATGATCGACCGCGCCGGTGGCGGGCGGCTCGAGCCAGCGCTCGGGTGGCAGGGTGGGG 
GCGGGCTCGCAGCGGGGGCCGGGAACGATGTGGTCGACGCCTCGCTCCAGGCCAAGGTGCATGGGATGCATGCCGGGTAC 
GGCGCTGGACATGGCGTCACGCCTCCAGGCGGTCGAGCCAGTTCGTCAGGCCCAGCACCGCCAGGCGCAACGCCGCTGCG 
TCGAGCGAGCGTTCGGGCAGTCGTGTCTGCGCGACGATCCAGTCCTCGCTGTCCTCCGACCAGAGTGACGTCTGGATGGA 
TCGGGGCGCCGCGGCGCTGTCCATGGGCCCGTTTCCATGCCGCCAGCAAGACGGAGGCGGCGTCGCGCTCCGCCCGCTGG 
GCCAGGTGGACCAGGGCCGCGCCGGCGACACATTCGACGCCCAGGCGGCGCCCGTTGGACAGCGCCAGCGACGCCGATCG 
GGACGGCCCGAATGCCAGGCCCTCGATGCCGATATCCTGGCCGAACTGATGCAGCGCCTTATCGGCAGTATTCATGCGTT 
CTCCATTGCTATCGCGTTGTCCAGCGCATCCTGCGCGGCCGCCAGGACGGTGGCGCGCACGTCCATGTCGGCGTAGATCT 
GCGTGGGCAGGTCTTTGAGAATCTGGCGTACGCCGCCGAGGAATGCGATGCGCTCGGAGAGGGCATTCGCGCCGTGGCGC 
TCTGCCAGCTTCTCGAAGCGCGCGGGCGCAATCCATTTGTCCTCGCTGATTCCCACAATATCGCGCATCAGGCCCTGGGC 
GTCCGCACACTCCTGCGAGCCTGCGTTGCCCAGCCGTTGTTTCAGGGCATTGCATTCCTCCAGTACCGTGGCGGCCACCT 
CGACTTGATAGAGATCGCTCGCCAACACTTGCAGCCTGACGCCGTCCGTCGACGGTGTCGCCGCGGCCAGGTCGTGTCCC 
AGCGCCTGAATCAGCGCGCCCAGCGCGCCGTGGATGTCGTCGTTCCCATAGCGTTCCAGCACCAGGTCCAGCGTGCGCGC 
CAACGACAGCTGGCCCAGGGCGATGTCGCGGTACGCGTGCTGGAAGCCGGCCAGCTCGTCAGCGGAACGCGCGAACGCGC 
CGGCCGTGGGCAGGGTGTTGATGCCGGCGCGGATTTCGGGGCCATGGGCGAGCTCCAGGTCGGCCAATGCATCGCGCAGG 
GCTTCGAGCGCGTGCGGCGCGGCGTCCTCGTGCTCGCCGCGCTGCAGCGCGTGCTGCAGCGCGAGGTATTGCTGCGTGAC 
ACCGGTAAACGCTTGCGCGGCCAGTTGCATGGGGGCGCCCCGGCCGCGCAGCAGCTCGGCGGTCAGGGCTTCCAGTTTTG 
CCTGCGCGTCGGGGTCGTGGGTGTGGGAAAACAGTTCCGCAAGCTGCGCCGCGTCCAGCCAGAGCATCGGACGTTCGGCC 
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CGATAl 



^GTCATGGGGAGTCCTCGGAGAAGGAACCATTTGCCT 



rrCGCGGGCGCAGGGTTACTCAGCATGCGTCTTTCAACTCGAAGGAGCCCTCATGACCATTGATCTCGGAGTTTCACTCA 
SSS?Sr?r??rSSTCCAAGGCATCGACCTCAAGAGCATGGATA^ 

SSgtcctgtcSgSgtcccgggccaaggccgagttk 

Si^?CASSSGcSSTCGAGGTTCCT^ 

cgJSSgg^SgacScccc^^^^ 

SSSggSJJSLvgtgcctacaccaccgtaaaggggatgctggatacggcgtcc^^^^ 

SrAGGCTGCAGGCCGCCAGCAACAAGCGCAACGAGGCTTTCGAGGTCATGACCAACACCGAGAAGCGGCGCAGC^^^ 
TCAGGCTGCAGGCCt.CUA^v,/^ cAAAGGGGTATTCCATGCAGGAGCAAGACATCCAATCCATCA 



AACAGTTCCATCACCAACAACATGCGCTAAGCGCTGCAC 
CGCGGACATCGAGCGCGAGGCGGCGCGCGTCAAGGCGGCCAGCACCGATG 



ACGTCTGAGCGCGGAGGCCTTCCATGCCAAAGTCAGCCGAi 



GCAGGGCGGCTCCCCGGCGTCAGCTTCGCATGAGGCGTTG 



CGCCATATTCTTGACGCAGGCGCTTCGATGGGCAGCTTGCA 
CGCTCATGGCGCCTACGAACAGGGCCGCTATGCCGACGCGT 

AAGCCCGTTATi 



.GGGGTTGGACGAGGTGCAACAGCAGGCGTTGTACGCGAT 
TGAAAATGTTCTGCCTGCTGGTCGCGTGCGATCCGCTGG 



GCGGCGGCTTTGCAAGTTGGATTCCCCCCAGGCCCCTGTTGCATGGCGC 



CGAGTGCCTGTATGCGTTGGTTCGTCGCCGC 



GGAGCATGCGGCCCTGCGCGAACGGGCCGAGTC 
CCGTCAAGATTTCAATTCGAGGAGGTTAGATAT 



GACGCCCTGGATACGTTCGACATGGTGCTTGAGTTGTGCGGGTCGCC^ 
CGCAGCGTCGCGGCGGTGCGGCGCCTGTGCCGCCGCCCGTCGATCG^^^^^^^^^ 



gSgcggtgSgcgcc;g^^^^^ 
atgctgccc2cg?SgI?SgSS^^^ 
SSSgSSSSSISSSatggc^^^^^ 



OTGATGCCGAGGCCrCGrGrCA^^cSc^^^^^^^ 
^rrAGCGATCGTGGCGGGCGCCATGCAGATAGCGGGTGGTTTCGTGCAGCTGGGGGCGGGCCTGGCAGCGGGTTTGCA 

GCTTGCACGATGCCCCCGAGCTGCAGGCAACGGTGCAGGCCCGCGCAACCCAGCTCGAAGCGCAAGCGGCTTCGTTTGGT 



GCCC 



GCTGACGCGGCTCGTiS^CG^C^Gi^^^^^ 

cSc2Sc?gacSg?g^^^^^ 



aggtgcatgL.cggcctcgcggcgggccgacgaagccatgcagcagatgctcgaca^^^^^ 

.tggagcagtcccgcagcgagaccgcccgtagcgtggcccgcaatatctgagtgtccggctccaacctila 

^tcttgagga^SccgtS^Sg^^^ 



gcgggcaccggagcccgggagtgccggcgaaggcgccggcatcctggcgccggtgacgacgctggctctggcggcgggcc 

gg2?ggSS?cSgStc^^^ 
??SSgIS?SSgSStcttgcgatc^^^ 

S^JS^gI^gSg^^^^^ 

gcaagggatggctgagcaaggtgttcggctggatcggcaaggtgctggcggtcgtggcatcggccctggcggtgggcttt 

SStSgSSSgS?tgSS?^^^ 
gacgtctgctgacagcgttgg^^^^ 

cgcggggtaS?agccSggcgat^^^ 

SGG?™cfG'™ 

gtggcgcaaggcggcgtcggcgtgtcgatggcagtcgatcgcaaacaggccgatttcttgctcgccgacaaggcggatct 



GCTCAGCGGCATGGCACTGGTCAGCGCCGT 



GTCGTCTTGi 



CAGG' 
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TCCGCGGACGCCGTGTTGCGCACGGCCGAATGCGAGCTGGCGTTGGGTGAGAACGAACGGGCACAGGCGGCCCTGTTCGG 

CGCAATTGCCATCGATGCAGAAAGTGGGCAGCCAGGTCCGGTCTCGCACCGTGCGCGCGCTTTGCTCGATCTTATTTCAG 

TTTCACATCCGGAGTAACTCCATGCATTCAGACTCAGGTTCAGATTCAGGCTCAGACTCAGGCTCAGGCTCACCCATGGC 

CTCGTCGATACATCCATCGGAACCGATACAGCCGATGGAGCATGTGCTCGAGGAGGCCGACGCCCGCCTGCTTACCGAAG 

TGGGCTTTCTGGCGGCGGCCGTCAGCGATCTGACGCGCGCGGACGCCATTTTCAATGCATTGCAACGTGTACGGCCGGGC 

CGGACGTATCCCTGCATCGGCCTGGCGGTCGCCCGCATGAACGCCGGGCTGCCCGACGAAGCCGCCGAGATCCTGGCGAA 

TTTCCAGCCGGCACAGGCGGAGGACCGCTCGGAACTGGACGCCTGGTGCGGGTTCGCCCTGTTGCTGGCCGGCCGCTCGG 

ACGAGGCGCGCCGCATGCTGCAGCGAGCCATCGATGCGGGTGGCGAGGCGGCAAGGCTGGCGCAGGTCGTGTTGGACAGC 

GGACCCGCCATGATGCGGCCCGCGCCGTTGCAGTCCGAGCCATTACCTGGAGCTCCTGGATGAATTTGGATCTGACGGCG 

ATCAACGCCGTGCAGGAACGGCTGCTCGCTCGATCGTTCGACATGCCGCGGTCTCCCGCGATGGCGGATCAGGCGCGCTT 

TGAGTTGGCGCTGGGCGAGATGCCCGGCGCATCGGCCCCGAACGGGGCGATCGCCCCGGCACCGGCCGAAGGCCCGGCGG 

CGCCGGTCGCGCTCGGCGAGCCGCTGGGCCGCCGCATTCTTGGACAGTTGCGCGGCGGCCTGGCCGATGTGGCAGGAAAA 

TGGCGGGCGGTGCAGACGGGCTTGGCCGAGGTGAGCCAGGCGCCTACCGTGGTGGGTATGCTCGATCTGCAGGCCAGGTT 

GCTACAGGCATCCGTGGAGTACGAGTTGGTGGGCAAGGCAATAGGGCGCGCCACCCATAACGTCTACACGCTGGCGAGAA 

TGTCATGAACGCCATCGGGGCGATCCAACGGTATCGGCGCGGCGCGGGATGGGCGGCCCTGGCGCTCGCCCTGGCGCTGC 

TGGCCGGCTGCGGCGCCCGCGTCGAGCTGTTGGGCGCGGCGCCCGAGAACGAAGCCAACGAAGTATTGGCGGCGCTGCTC 

GAGGCAGGCATCGCTGCGCAGAAGCAGTCCGGCAAGGCCGGCTACGCGGTTTCGGTGCCGGCCGAGGCGGTGGCCCGGTC 

GCTGGAGATCCTGCGCGCAAGCGGCCTGCCCCGCGAGCAGTTCGACGGAATGGGGCGCATATTCCGCAAGGAAGGCCTGG 

TTTCATCGCCGCTCGAAGAGCGCGCCCGCTACATTTATGCGCTATCTCAGGAATTGGCCGACACCCTGTCGCAGATCGAC 

GGCGTGCTCAGCGCCCGCGTGCACGTGGTGCTTCCCGAGCGCGGCGCGGTCGGCGAGCCGGCCACCCCTTCGACGGCAGG 

GGTGTTTCTCAAGTACCGCGACGGACAGAGCCTCGACGCGCTCGTGCCCGAGATCCGCAAGCTGGTCACGCATGCCATCC 

CGGGCCTGGCCGAGGACCGTGTATCGGTTGCCCTGGTGGTGGCCCAGCCCGTTCAGGCCGCACCCGTGCCGGTCGCGTGG 

CGCCGCGTGCTTGGCGTACAAGTCGCGGACGGATCGGTCCTGAGATTTTCGCTGTTGCTGCTGTTGTTGCCGGTGCTGTG 

CCTGATAGTGGCGGGGGCCACGCTCTACGCCTGGCGCACGCGCTGGTCCCGCGGCGAAAGGCGCGGCGGCGCTGGCGCCG 

GCGCCACGGAAGGAGCCGGGCATGACTGAGAAGAGCGTGCTGCTTTCCGAGCGGCTCATGATATTCAATCTCCTGCCCAG 

CCTGACCCTGCATGCCAGTCGCCACGACGAGACGTTTCCAGCCGATTGGGTGCGCGCGTTGTGCAATGCCGACGCGGCGT 

TGGCCAACGCATGGCATCGCCATTGGTCGCGCTGGATCTTGTGCGAGCTGGGCCTGCTGAACCAGCCGGTCCTGAGCCTC 

GATCCGCCGCAGTTGAAGGTCGCGCTATTGTCCACGGACGCCTTGCGCACCTGCGCCGCCCATGCGGGAGCGCTGCTGTG 

CGCGCCGCGCCTGCGACGCGCGATAGACGGCGCTGAGGTCCGTACCTTGCATGCCGCGCTCGGGCGCGATGTGATGAATT 

TCGCCGTGTCTTCCGCGGCGCGGGCCCTGCATGACGGGATCGCCGCCAGTTCGGACTGGACCCTGGCCGCCACGGTCCAG 

GCGGCGCAGAAACTGGGCTGGGCCGTGCTGCGCGACGCCGTGCAGGGCGCCGCCGACGAGATAGCGCTGCGTTGCGCGCT 

GAAGTTGCCGCGCGACCTTGATCCCGCGCCCGTCCTGCCGCCCGAGGCGGCGCTTGCGCTGGTGCTGTCCATGCTCGAAA 

TCCTGGATGCCGAATGGCTTTCCTCGTTCCCCGCCCAAGCCTGATCCAGGCGGTACGGCCCGGCCGTGCGGATCCCGCGA 

CCGACGTCTTGCGCGCCGAAGACTACGCCGAGCTGCTCAGCGCCGCGCAGATCGTTGCCCAGGCACATCGGCGGGCCGAC 

GAAATCGTGGCCGAGGCGCGAGAGGAGTTCGAGCGCGAGCGCAGGCGAGGCTATGAGGAGGGGCGCCGCGAAGCGCTTAC 

GGATCAGGCGGAGAAGATGATAGAAACGGTAAGCCGCACGATCGACTACTTCGCGGGTATCGAGAACGAGATGATCGAAC 

TGGTCATGAGCGCGGTCCGCAAGAACGTCGACGGTTACGACGACCGCGAGCGCACCGTGATCGCCGTGCGCAACGCATTG 

GCGGTCGTGCGCAATCAGCGCCAGATGACCTTGCGCCTGCACCCCGACGAGGTGGATGTGCTCCGGGAAGGCATGAACCA 

GCTGCTGGCGGCCTATCCGGGCGTGGGCTACCTGGACCTGCTGCCCGACGCCAGGCTGACGCCGGGAGCCTGCATACTGG 

AGAGCGAGATAGGCATGGTCGAGGCCAGCCTCGAGGACCAGCTGTGCGCCTTGCGGGCGGCCTTCGAACGTACATTCGGC 

CGGCGCGGATAGGGGCATGCGTCAGTACCACTACATCACGGAGATGATGCGGGTGGCCCTGCAGGATCTGTCCACGTTGC 

GGATAAAGGGCCGAGTGGTGCAAGTGGTGGGAACGATCATCAAGGCCGTCGTTCCGATGGTCAAGATCGGCGAAGTGTGC 

CTGCTGCGCAATCCTGGCGAGGACTTCGAGATGCACGGCGAAGTGGTGGGCTTTGTTCGCGACGCCGCCTTGCTCACGCC 

CATCGGCGACATGTACGGGATTTCCTCGGCGACCGAGGTGATACCGACCGGACGCACGCATATGGTGCCCGTCGGTCCGG 

GCTTGCTGGGACGCGTGCTGGACGGGCTGGGACGTCCGCTGGACGTCGCCGAGTCAGGGCCGCTGCATGCCCACAAGTTC 

TATCCGGTCTTCGCCGATGCGCCGGATCCGCTGACGCGTCGCATCATCCATGCTCCGCTGGAGCTGGGGGTGCGCGTACT 

GGACGGTTTGCTTACATGCGGGGAAGGCCAGCGTCTGGGAATTTTCGCAGCAGCCGGCGGCGGCAAGTCGACCTTGCTGG 

GCATGCTGGTCAAGGGCGCCGCGGTCGACGTGACGGTGGTGGCGCTGATCGGCGAGCGTGGGCGGGAAGTTCGCGAGTTC 

CTTGAGCACGAACTCGGTCCGGAGGGCAGACGCAAGAGCGTGATCGTTTGCGCGACCAGCGACAAGTCCTCGATGGAGCG 

TGCCAAGGCGGCATACGTCGCAACCGCCATCGCCGAATACTTCCGCGATCAAGGGCAGCGTGTACTTTTTCGGATGGATT 

CGGTCACCCGCTTTGCGCGAGCCCAGCGTGAAATCGGCTTGGCGGCAGGCGACCCGCCGACGCGGCGCGGCTATCCGCCG 

TCGGTGTTCGCCACCCTGCCAAAACTGATGGAGCGCGCCGGCATGAACCAGACGGGTTCGATCACGGCGCTGTATACGGT 

GCTGGTCGAGGGGGACGACATGAACGAACCGGTGGCCGACGAGACGCGTTCGATACTGGACGGCCACATCGTGCTCTCGC 

GCAAGCTGGGAGCGGCGAATCACTATCCTGCCGTCGACGTCCTGGCCTCAGCCAGCCGGGTCATGAATGCCGTGGTGTCG 
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^GcS?ScGSGCGCCAGGCGCAAGGCCGCCTCGACiU.TTGTCGCCT^^ 

?gccgagc?^^gcSgcgcatcgtcaagac^^^^ 
IggSagcotScgctgcagctcgacaacgccgt^ 
?agSc?gggSgS?ccaggcgcagcaacggatcgcc^^^^ 
cgagagcctggaggatctctaaattcaggaagccatcgaattgtcggcgcgtgggcgcga 

bscV ^ 



rPACGAGCAAGAAATCCATTCTCCGCCTGCAACGCGCGGTGGCGCTGGCCACCAGCCGCAACGACATCGTACTGGCCGT 

gSJScSS?S^SSttcatgatgatcctgccgttgcc^^^ 



ATG 

[•GCCTTCGCCCCTGGCGTTTTCCTCGTTCCCTTCGGTCCTG 



CAGAl 



rI?SSASSSGCAACTTCGTGGTGGGCGGCAACCT^^^^ 

iTGTSATcScGCGGACrrGCGCGCGGGCACCATAGAC^^^^ 
GGAfGCcSSSSS^GCCATGGACGGCGCGATGAAGTT^^^^ 

S^ScSS?t5gcggcatgctggtcggcgtgctgcagcgcggcctga^^ 
'^''''^'''^^^cataScgacgggctcatcgcgcagatcccggcgctgttcatcgcc^^ 
ggtgcagaSg^gSgg^Stccaacgtaggcaccgacatcggcgca^ 

SgSSgSSctcSaScctgggcctc^^^ 
S?ac?S?S™SSgctgcgcgcatcc^^^^ 

j,gccccggttcgagccggccaccctcaccgacgatctgctgcagatccggcgggcgctctat 1 1 ^^A^ 



ATCCTGAi 



gatcccStSJgcagSgI;^^^^^^ 
gatcccggtggcgcaggggat^^^^^^^^^^^^ 

gatgcagg?^S?acc?Sgtatcagccagatcctgacttggc^ 
?SS?SSItcSgg^?2cggtttctg^^^ 
SSStgSSJtSagaagattgccgaaatc^^^^^ 

gtcctggaagcgctggtcgaatggggccagaaggaaaaggataccgtcctgcttacggagtatgtccgaatcgcactcaa 

S^fG^C^G^GS^^ 

gcgcSgJ^gatcg^^^^ 
ccctgggcagggtggatctatga 

bcr3/bscX ' Q 0 

TrrTrrTGCGTCCGGACCTGAGCGCGATGCTCGACGAGTCGGCGCGGCCCCGCCTGACGGATGGCGCATTGCTCCAGCLC 

^SSSSIgSSccSgg^^^ 

GSS?nGCCGS^^^^^^^ 

accagggatga 

atgactcgtatcgItgccgcccccaatcccttccacgccgccatc^^^ 
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CGGCTGGCTGCAAGGCCAGCGCATCGCACCGGCGCCCACCGGCATATCGCTGGCGGACGCGGCCGAGGAGCTCAGCCTGC 
ACATGGCGCAGGCTGCCGAGGAAAAGCATCACTCCGAACGCAAGGTCACGGCCGAACGTCCGATGCTCTGGCTGGACGCG 
GCGCAGCTTGCGGAACTGTTTTCCCACACCCACGACCCCGACGCGCAGGCAAAACTGGAAGCCCTGACCGCCGAGCTGCT 
GCGCGGCCGGGGCGCCCCCATGCAACTGGCCGCGCAAGCGTTTACCGGTGTCACGCAGCAATACCTCGCGCTGCAGCACG 
CGCTGCAGCGCGGCGAGCACGAGGACGCCGCGCCGCACGCGCTCGAAGCCCTGCGCGATGCATTGGCCGACCTGGAGCTC 
GCCCATGGCCCCGAAATCCGCGCCGGCATCAACACCCTGCCCACGGCCGGCGCGTTCGCGCGTTCCGCTGACGAGCTGGC 
CGGCTTCCAGCACGCGTACCGCGACATCGCCCTGGGCCAGCTGTCGTTGGCGCGCACGCTGGACCTGGTGCTGGAACGCT 
ATGGGAACGACGACATCCACGGCGCGCTGGGCGCGCTGATTCAGGCGCTGGGACACGACCTGGCCGCGGCGACACCGTCG 
ACGGACGGCGTCAGGCTGCAAGTGTTGGCGAGCGATCTCTATCAAGTCGAGGTGGCCGCCACGGTACTGGAGGAATGCAA 
TGCCCTGAAACAACGGCTGGGCAACGCAGGCTCGCAGGAGTGTGCGGACGCCCAGGGCCTGATGCGCGATATTGTGGGAA 
TCAGCGAGGACAAATGGATTGCGCCCGCGCGCTTCGAGAAGCTGGCAGAGCGCCACGGCGCGAATGCCCTCTCCGAGCGC 
ATCGCATTCCTCGGCGGCGTACGCCAGATTCTCAAAGACCTGCCCACGCAGATCTACGCCGACATGGACGTGCGCGCCAC 
CGTCCTGGCGGCCGCGCAGGATGCGCTGGACAACGCGATAGCAATGGAGAACGCATGA 



ATGACCATTGATCTCGGAGTTTCACTCACGTCGCAGGCCGGCGGCCTGCAAGGCATCGACCTCAAGAGCATGGATATCCA 
GACTCTCATGGTGTATGTGCAGGGTCGTCGCGCCGAACTCCTCACGGCTCAAATGCAGACCCAGGCCGAAGTGGTGCAGA 
AGGCCAATGAACGCATGGCGCAGCTCAACGAGGTCCTGTCCGCGCTGTCCCGGGCCAAGGCCGAGTTTCCGCCCAATCCG 
AAGCCGGGCGACACCATCCCGGGCTGGGACAACCAGAAGGTCAGCCGGATCGAGGTTCCTCTCAATGATGCGCTGCGCGC 
TGCCGGCCTGACGGGCATGTTCGAAGCGCGCGATGGCCAAGTGACCGCCCCCGGCGGCCGGGGTACGCAGGTCGTGAACG 
GCACGGGCGTCATGGCCGGTTCCACGACCTATAAGGAACTCGAAAGTGCCTACACCACCGTAAAGGGGATGCTGGATACG 
GCGTCCAATACGCAACAGATGGACATGATCAGGCTGCAGGCCGCCAGCAACAAGCGCAACGAGGCTTTCGAGGTCATGAC 
CAACACCGAGAAGCGGCGCAGCGACCTGAACAGTTCCATCACCAACAACATGCGCTAA 



ATGTCTGTTTCTCCGACTTCGCCCGGCTCTTTCGGGGCCGGCCCTGTCTTTGACTCCGAATTGCAGGCCCCGGCCCCGTC 
GGCGCAGCGTCGCGGCGGTGCGGCGCCTGTGCCGCCGCCCGTCGATCGGCGCGGAGTCGAGCCGGGAGATCCCACGCTGG 
GCATGCTGCCCGCGCCCGATTTGCTCGCGGGGGGCGCCGTCAGCCGCACCCGCGCGGCGCTCGACGATCTGGACGCAGCA 
CGGCTCGGTGAAGACATCTACACCTTGATGGCGGTGTTGCAACAGGCCAGTCAACAGATGCGGGAGGCCGCCCGTATCGC 
TCGTGATGCCGAGGCCACGCGGCAAACGCAGGCTATCGGCGATGCGGCCAGCCAGATGCGCCAGGCGGCCAACGAGCGCA 
TGGCCGGAGCGATCGTGGCGGGCGCCATGCAGATAGCGGGTGGTTTCGTGCAGCTGGGGGCGGGCCTGGCAGCGGGTTTG 
CAGGCCATGGGTGGCGCAGCTGCGCAAGCCAAGGGCGCCGCATTTTCCGAGCAGGCCTCGACAAGCCGCAAGGTGGCGGC 
CGGCTTGCACGATGCCCCCGAGCTGCAGGCAACGGTGCAGGCCCGCGCAACCCAGCTCGAAGCGCAAGCGGCTTCGTTTG 
GTGCTGACGCGGCTCGTTCGTCGGCAAAGTCGCAGCGCGTATCGAGCGTTGCCCAGGCCGGCGCCGCGACGGCCGGCGGT 
ATCGGCGGCCTGACCAGCGCCGCCCAGGAACGCCGCGCCGCCGAGCACGAGGCCAGGCGCGCGGAGCTGGACGTCGAAGC 
GAAGGTGCATGAAACGGCCTCGCGGCGGGCCGACGAAGCCATGCAGCAGATGCTCGACATCATCCGCGGCATCAGGGAAA 
AGCTGGCCGGGATGGAGCAGTCCCGCAGCGAGACCGCCCGTAGCGTGGCCCGCAATATCTGA 



bsp22 





GCTCTTTCGGGGCCGGCCCTGTCTTTGA 



bopD 
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ATGACCGTCATGAGTACGACCATATCCACAGCCCCGAGCGGCGCCGCGCTTGCGCCGTCTCGCATAGATATGCGGGCACC 

S?c?gSagtgccggcgaaggcgccggcatcctggcgccggtgacgacgctggctctggcggcgggc 

??JSgcg??acStcgctgcgcaccgcgcccgtcct^^^ 
SgSgScgtcttgcgatccagggcggtggacgggcagttggcc^^^^^ 

S?gI^SagI^cI?ccagS^ 

SSSc^^5gScggctggatcggcaaggtgctggcggt^^^^ 

SSSgt^?cIccggcgcggcggccacacccatgctgcto^^^ 

SSScSatScaagaagcgggaggcccgcctatcagcctgggcg^^^^ 

SSS??ggSS?Sgatcagtcgcaggccgaccaaattgccaagatcgt^^^ 

ctcatcgaaccccagatgctgggcgaaatggcgcaaggcgtggccaggctggctc^^ 

cSAGC?i?SSATGTCCATCGTGGCGGCGATCGCGGTCGCCGCGAT^ 

SJcggSISSSSggc^^^^^ 

rrcScGTCGGCGTGTCGATGGCAGTCGATCGCAAACAGGCCGATTTCTTGCTCGCCGACAAGGCGGATCTGGCGGCGAG 

StcJc^SSgggcS^atggagcgtgaggcgg^^^^^ 
aS?ga?^SI?S?gatcagcgatatggcgagtacgcacagccaggtcagcgcc^^ 

TAG 

bcrH2 ^^r. -2_lo 

ATGACTGTTCACGACGACGCGGCCGCGGCGCTGCGCGCCCGGCTGGATGCGCTGCCGGGCAGCCGGCGCCTGACGGCCGA 

gcSSggI^gtgatttacgcgatggcgtatg^^^ 

TCCTCGCGCAGTATGGTCCCACGCGCAAGCATTACTGGGCCGGGCTGGCGCTATGCCTGCAGAAGACCGACCGTCCCGAC 

SSgSSaatatctatgcgttgatcctcacgttctatcccgattccg 
gJJgSg^JSSgJgS^SSc^^^ 

gtccggtctcgcaccgtgcgcgcgctttgctcgatcttatttcagtttcacatccggagtaa 

bcr4/bscY • ^-^r. 2.~| 

atggagcatgtgctc^^ggaggccgacgcccgcctgcttaccgaagtgggctttctggcggcggccgtcagcgatctg^^ 
gcSg2ggIS?cattttcaatgcattgc^^^^ 

GCATGAACGCCGGGCTGCCCGACgAAgCCGCCGAgATCCTGGCGAATTTCCAGCCGGCACAGG^^^^ 

ctggacgcctggtgcgggttcgccctgttgctggccggccgctcggacgaggcgcgccgcat^^^^ 

TGCGGGTGGCGAGGCGGCAAGGCTGGCGCAGGTCGTGTTGGACAGCGGACCCGCCATGATGCGGCCCGCGCCGTTGCAGT 

ccgagccattacctggagctcctggatga 



bsci 



atgaatttggatctgacggcgatcaacgccgtgcaggaacggctgctcgctcgatcgttc^^^^ 

gatggcggatcaggcgcgctttgagttggcgctgggcgagatgcccggcgcatcggccccgaac^^^^ 

caccggccgaaggcccggcggcgccggtcgcgctcggcgagccgctgggccgccgcattcttggac^^^^ 

ctggccgatgtggcaggaaaatggcgggcggtgcagacgggcttggccgaggtgagccaggc^^^^ 
gctcgatctgcaggccaggttgctacaggcatccgtggagtacgagttggtgggcaaggcaatagggcgcgccacccata 

acgtctacacgctggcgagaatgtcatga 

atgaacgccatcggggcgatccaacggtatcggcgcggcgcgggatgggcggccctggcgctcgcc^^^^ 
cSSgcSaggaccgtgtatcggttc^^^ 



BNSDOCID: <W0 9959630A1J_> 



wo 99/59630 



29/32 



PCT/US99/10690 



GCGTGCTTGGCGTACAAGTCGCGGACGGATCGGTCCTGAGATTTTCGCTGTTGCTGCTGTTGTTGCCGGTGCTGTGCCTG 
ATAGTGGCGGGGGCCACGCTCTACGCCTGGCGCACGCGCTGGTCCCGCGGCGAAAGGCGCGGCGGCGCTGGCGCCGGCGC 
CACGGAAGGAgCCGGGCATGACTGA 



ATGACTGAGAAGAGCGTGCTGCTTTCCGAGCGGCTCATGATATTCAATCTCCTGCCCAGCCTGACCCTGCATGCCAGTCG 
CCACGACGAGACGTTTCCAGCCGATTGGGTGCGCGCGTTGTGCAATGCCGACGCGGCGTTGGCCAACGCATGGCATCGCC 
ATTGGTCGCGCTGGATCTTGTGCGAGCTGGGCCTGCTGAACCAGCCGGTCCTGAGCCTCGATCCGCCGCAGTTGAAGGTC 
GCGCTATTGTCCACGGACGCCTTGCGCACCTGCGCCGCCCATGCGGGAGCGCTGCTGTGCGCGCCGCGCCTGCGACGCGC 
GATAGACGGCGCTGAGGTCCGTACCTTGCATGCCGCGCTCGGGCGCGATGTGATGAATTTCGCCGTGTCTTCCGCGGCGC 
GGGCCCTGCATGACGGGATCGCCGCCAGTTCGGACTGGACCCTGGCCGCCACGGTCCAGGCGGCGCAGAAACTGGGCTGG 
GCCGTGCTGCGCGACGCCGTGCAGGGCGCCGCCGACGAGATAGCGCTGCGTTGCGCGCTGAAGTTGCCGCGCGACCTTGA 
TCCCGCGCCCGTCCTGCCGCCCGAGGCGGCGCTTGCGCTGGTGCTGTCCATGCTCGAAATCCTGGATGCCGAATGGCTTT 
CCTCGTTCCCCGCCCAAGCCTGA 



bscL r» - "2 I 

ATGGCTTTCCTCGTTCCCCGCCCAAGCCTGATCCAGGCGGTACGGCCCGGCCGTGCGGATCCCGCGACCGACGTCTTGCG 
CGCCGAAGACTACGCCGAGCTGCTCAGCGCCGCGCAGATCGTTGCCCAGGCACATCGGCGGGCCGACGAAATCGTGGCCG 
AGGCGCGAGAGGAGTTCGAGCGCGAGCGCAGGCGAGGCTATGAGGAGGGGCGCCGCGAAGCGCTTACGGATCAGGCGGAG 
AAGATGATAGAAACGGTAAGCCGCACGATCGACTACTTCGCGGGTATCGAGAACGAGATGATCGAACTGGTCATGAGCGC 
GGTCCGCAAGAaCGTCGACGGTTACGACGACCGCGAGCGCACCGTGATCGCCGTGCGCAACGCATTGGCGGTCGTGCGCA 
ATCAGCGCCAGATGACCTTGCGCCTGCACCCCGACGAGGTGGATGTGCTCCGGGAAGGCATGAACCAGCTGCTGGCGGCC 
TATCCGGGCGTGGGCTACCTGGACCTGCTGCCCGACGCCAGGCTGACGCCGGGAGCCTGCATACTGGAGAGCGAGATAGG 
CATGGTCGAGGCCAGCCTCGAGGACCAGCTGTGCGCCTTGCGGGCGGCCTTCGAACGTACATTCGGCCGGCGCGGATAG 



T-,0. 37. 



bscN 

ATGCGTCAGTACCACTACATCACGGAGATGATGCGGGTGGCCCTGCAGGATCTGTCCACGTTGCGGATAAAGGGCCGAGT 
GGTGCAAGTGGTGGGAACGATCATCAAGGCCGTCGTTCCGATGGTCAAGATCGGCGAAGTGTGCCTGCTGCGCAATCCTG 
GCGAGGACTTCGAGATGCACGGCGAAGTGGTGGGCTTTGTTCGCGACGCCGCCTTGCTCACGCCCATCGGCGACATGTAC 
GGGATTTCCTCGGCGACCGAGGTGATACCGACCGGACGCACGCATATGGTGCCCGTCGGTCCGGGCTTGCTGGGACGCGT 
GCTGGACGGGCTGGGACGTCCGCTGGACGTCGCCGAGTCAGGGCCGCTGCATGCCCACAAGTTCTATCCGGTCTTCGCCG 
ATGCGCCGGATCCGCTGACGCGTCGCATCATCCATGCTCCGCTGGAGCTGGGGGTGCGCGTACTGGACGGTTTGCTTACA 
TGCGGGGAAGGCCAGCGTCTGGGAATTTTCGCAGCAGCCGGCGGCGGCAAGTCGACCTTGCTGGGCATGCTGGTCAAGGG 
CGCCGCGGTCGACGTGACGGTGGTGGCGCTGATCGGCGAGCGTGGGCGGGAAGTTCGCGAGTTCCTTGAGCACGAACTCG 
GTCCGGAGGGCAGACGCAAGAGCGTGATCGTTTGCGCGACCAGCGACAAGTCCTCGATGGAGCGTGCCAAGGCGGCATAC 
GTCGCAACCGCCATCGCCGAATACTTCCGCGATCAAGGGCAGCGTGTACTTTTTCGGATGGATTCGGTCACCCGCTTTGC 
GCGAGCCCAGCGTGAAATCGGCTTGGCGGCAGGCGACCCGCCGACGCGGCGCGGCTATCCGCCGTCGGTGTTCGCCACCC 
TGCCAAAACTGATGGAGCGCGCCGGCATGAACCAGACGGGTTCGATCACGGCGCTGTATACGGTGCTGGTCGAGGGGGAC 
GACATGAACGAACCGGTGGCCGACGAGACGCGTTCGATACTGGACGGCCACATCGTGCTCTCGCGCAAGCTGGGAGCGGC 
GAATCACTATCCTGCCGTCGACGTCCTGGCCTCAGCCAGCCGGGTCATGAATGCCGTGGTGTCGCCACGTCACAAGTACC 
TGGCCGGACGTATGCGCGAACTGATGGCCAAGTACCAGGACGTCGAGCTGTTGGTGAAAATCGGCGAGTACAAGCAGGGC 
GCCGATGCGTCGACCGATGAGGCGATACAGAAGATCGGACAGATCAATGCGTTTCTCAGACAACTAACCGACGAACGCGA 
AGCATTCGAGGATACCGTACTGCGCATGGCTGAAATCATCGGACCCGAATCCTAA 



bscO . "^"-^ 

ATGGACCTGGAAAGCCTGCTTGCCATCAAGCATTTTCGCGCCGACCAAGCCCAGCTTGCGCTGAAACGCCAACAGCAGGC 
CTGCGCGGTTGCTGCCGCGGCGCAGCGCCAGGCGCAAGGCCGCCTCGACAATTGTCGCCTGTGGGCCGGGCAGCTCGAAA 
ACCGTCTTTATGCCGAGCTGTGCCGGCGCATCGTCAAGACACGCGACATCGACGAGGTGCTGCAACGAGTGGGCCACGCC 
CGCGACCGCCAGGCCAGCCTGGCGCTGCAGCTCGACAACGCCGTGCGCCGCCACGAGCATGAAATCCAGCTGCTCGCGCA 
GCAGCGCGAGCAGCACCGGGAGTGCTTCCAGGCGCAGCAACGGATCGCCGAGTTGGTGCGCCTGCAGCAGGTCGAGGCGG 
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CGGCCTTGCGCGAGAGCCTGGAGGATCTCTAA 
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Table 1 

Cytotoxicity of B. bronchiseptica towards macrophage-like cell lines in vitro. RB50 (wild type), 
WD3 (bscN deletion) or RB54 (Bvg- phase-locked mutant) were incubated with J774 and RAW 
macrophage-like cell lines at MOI of 10 for 4 hours. Cytotoxicity is determined by release of 
lactate dehydrogenase as measured with the CytoTox96 kit and represented as arbitrary units. 



Lactate Dehydrogenase Release (Arbitrary Units) 

B. bronchiseptica 

Strain J774 RAW 

RB50 853±28(100%) 1088±31 (100%) 

WD3 248±54 (24%) 607±16 (53%) 

RB54 1 10±1 10 (6%) 51±2 (1%) 
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Table 2 

Sequences of primers used for PGR 



For Arbitrary-primed PGR 



Name Sequence (5' to 3') 



10 



KB4 
ML2 



CGTAGTGGAAGGTTGGTTAAGGCGGGGCG 
GATCAGGAGTGTGGTGGTG 



15 



For specific PGR and RT-PCR 



Gene 

Name specific for 



20 



25 



Wl 
W2 
W3 

W4 

NX7 

KX31 

BA04 

BAOll 



bscN 
bscN 
bscN 

bscN 

JhaB 

fltoB 

floA 

JlaA 



Sequence (5' to 3') 
GAGAGATGTGGCGAGGAGTTCGAGATGGGAG 

GAGAATTGGCAGACGCTGGGC 

GCGGGGAAGGCGAGCGTGTGGGAATTCTGTG 
TGGGTCAGCGGCTTTGCGGAG 

GGACAGATGTGGCGTGATGGGTCGAGCATC 

GGAACTGAGGTCATGGCGGTG 
GGGGTAGCCGCGTGCGGGTGGGCGGTG 

CATCGCGGAGCAGAGGGA 
TTGGTAGCGAGGGGGGGTT 
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TYPE III BORDETELLA SECRETION S YSTCM 



5 This application claims benefit under 35 U.S.C. § 119(e) to United States Provi- 

sional Application No. 60/085,691 filed May 15, 1998, incorporated herein by reference. 
FIELD OF THE INVENTION 

The invention relates to a Bordetella type III secretion system and its constituent 
components, genetically modified Bordetella, prophylactic and remedial live attenuated 

10 vaccines including genetically modified Bordetella and uses thereof. 
BACKGROUND OF THE INVENTION 

The genus Bordetella includes small, aerobic, Gram-negative coccobacilli associated 
wdth respiratory infections in humans and other animals. B. pertussis infects humans and 
causes whooping cough, a highly contagious disease with severe clinical manifestations in 

15 children (Hewlett, 1995). (Throughout this application various publications are referenced, 
the disclosures of these publications in their entireties are hereby incorporated by reference.) 
B. parapertussis causes a similar disease in humans and has also been recently isolated firom 
sheep (CuUinane et al., 1987; Porter et al., 1994). jB. bronchiseptica infects a broad range of 
mammals, and has been isolated fi-om mice, rats, guinea pigs, rabbits, skunks, opossums, 

20 raccoons, cats, dogs, ferrets, foxes, pigs, hedgehogs, sheep, koala, bears, leopards and 
horses. Although bordetellosis is often asymptomatic, B, bronchiseptica can and does cause 
significant disease. 

j8. bronchiseptica and Pasteurella multocida, are a primary cause of infectious 
atrophic rhinitis in swine, a serious and widespread disease responsible for significant eco- 

25 nomic loss to the pork industry. Atrophic rhinitis is an upper respiratory disease that results 
in degeneration of the nasal turbinates, deviation of the nasal septum and atrophy of the 
nasal bone, which can be so severe that it causes visible deformation of the animal*s snout. 
Pigs suffering fi^om atrophic rhinitis feed less robustly and gain weight more slowly than 
healthy pigs, resulting in lower market weight and/or longer time-to-market. Atrophic 

30 rhinitis affects pigs worldwide causing significant global economic impact on the pork- 
producing industry. 
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Atrophic rhinitis is caused by co-infection of the swine upper respiratory tract with 
B. bronchiseptica and Pasteurella multocida. Results from both in vivo and in vitro studies 
indicate that colonization of the upper respiratory epithelium with B. bronchiseptica 
predisposes pigs to infection by the opportunistic P. multocida which would otherwise be 
5 unable to efficiently establish infection. Although colonization by R bronchiseptica alone 
may lead to pronounced turbinate atrophy, disease is most severe, sometimes progressing to 
pneumonia, when exacerbated by secondary infection with P. multocida. The inability of P. 
multocida to efficiently infect Bordetella-fvee swine suggests preventing infection with 
Bordetella would also prevent infection by P. multocida and the resulting atrophic rhinitis. 
10 B. bronchiseptica is also responsible for causing infectious tracheobronchitis (ITB) 

(kemiel cough) in dogs and a similar respiratory illness in cats. ITB has a worldwide distri- 
bution and commonly develops in dogs that are housed in groups. Because of its highly 
infectious nature, ITB is a major concern for breeding, boarding and training kennels as 
well as animal care facilities at research and training institutions. Although most facilities 
15 require dogs to be vaccinated against 5. bronchiseptica, the efficacy of currently available 
vaccines is questionable at best and ITB remains a common and important canine disease. 
B. bronchiseptica also causes an upper respiratory disease in rabbits called snuffles. As 
with atrophic rhinitis, snuffles is exacerbated by co-infection with P. multocida and can pro- 
gress to bronchopneumonia. Rats and mice are also namral hosts for B. bronchiseptica and 
20 are highly susceptible. The IDso for infection with R bronchiseptica in many cases is less 
than 20 cfu. 

Bordetella spp. produce a number of protein factors (e.g.. virulence factors) that play 
important roles in the interaction between the bacteria and host cells, leading to establish- 
ment of infection, pathogenesis and transmission (Weiss and Hewlett, 1986). Protein 

25 factors involved in adhesion to host cells include filamentous hemagglutinin (FHA), 
pertactin and fimbriae (Mooi et al., 1992. Relman et al., 1989; Roberts et al., 1991); while 
production of toxins, including the bifunctional adenylate cyclase toxin/hemolysin 
(AC/HLY) (Hewlett and Gordon, 1988), dermonecrotic toxin (Walker and Weiss, 1994) and 
pertussis toxin (expressed only in B. pertussis) (Locht et al., 1986), are involved in the 

30 pathological effects on host tissues and the ability to evade host defenses. 

Expression of these virulence factors is coordinately regulated by the bvgAS locus. 
BvgA and BvgS, which belong to the family of two-component signal transduction proteins 
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found in prokaryotes and lower eukaryotes, are responsible for sensing external stimuli and 
coordinating the transcription of a large collection of genes and operons that function during 
the infectious cycle (Stibitz et al., 1988; Stibitz and Yang, 1991). Signal transduction is 
accomphshed by a His-Asp-His-Asp phosphorelay mechanism (Uhl and Miller, 1994; Uhl 
5 and Miller, 1996; Uhl and Miller, 1996). 

The Bvg"^ phase is characterized by expression of virulence factors and this phase is 
necessary and sufficient for colonization of rabbits and rats (Akerley et al., 1995; Cotter and 
Miller, 1994). The Bvg' phase is avirulent and characterized by the loss of virulence gene 
expression and induction of genes which are repressed in the Bvg"*" phase, including motility 

10 genes in B. bronchiseptica (Akerley and Miller, 1993; Akerley et al., 1992). 

There is a need for an effective B, bronchiseptica vaccine. Live attenuated vaccines, 
i.e., living viruses and bacteria that carry mutations rendering them avirulent or greatly 
reduced in virulence offer significant advantages in terms of manufacture and 
immunogenicity. A single inoculation of live vaccine at a modest dose may replicate in 

15 vivo to a large immunogenic dose and, during the course of replication, express the majority 
of immunogens seen during natural disease. The processing and presentation of these 
antigens more closely corresponds to that of infection. Live attenuated vaccines can induce 
mucosal immune responses, which are not efficiently elicited by systemically administered 
vaccines. The mode of delivery of the live attenuated vaccines is more simple, requiring 

20 ingestion or inhalation. Finally, because attenuated vaccines are living organisms, they may 
also be used as vectors by genetically engineering them to express heterologous antigens, 
thus providing a mechanism for protection from more than one disease. 

Most infectious agents either infect mucosal surfaces directly or gain entry to the 
body via mucosae or mucosal lymphoid tissue. Immimization that elicits mucosal antibody 

25 is therefore a cost effective tool to prevent and combat infectious diseases. Mucosal 
immunity is believed to be dependent on the production of an IgA antibody response, which 
generally carmot be accomplished by conventional vaccine administration routes, for 
example injection of the antigen. 

Live attenuated bacterial vaccines that generate effective mucosal immune responses 

30 have been successfully derived from modified bacteria of the genera Mycobacterium, 
Salmonella, Shigella, Vibrio and Listeria. The progress in the field over the last decade is 
reviewed in Killeen, et al., Bacterial mucosal vaccines: Vibrio cholerae as a live attenuated 
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yaccine/vector paradigm, Curr Top Microbiol Immunol. 236:237-54 (1999). The goal of 
eliciting a mucosal immune response, in contrast to the elicitation of a systemic immune^ 
response in the absence of a mucosal immune response, is in principle necessary because 
the immune system is organized such that injected antigens are not effective in eliciting the 
5 generation of antibodies in what is known as the "common mucosal immune system." 

The common mucosal immune system is an integrated system including gut- 
associated lymphoid tissue and nasal-associated lymphoid tissue. The common mucosal 
immune system is stimulated by antigens entering central inductive sites present in mucosal 
tissues, where they interact with accessory and lymphoid cells and stimulate specific IgA- 
10 committed B cells and appropriate T cells. These cells then migrate to effector sites, 
including the lamina propria of the gastrointestinal and respiratory tracts as well as to 
remote effector sites, such as the exocrine glands, including the salivary, mammary and 
lacrimal glands. At the effector sites, surface IgA+ B cells clonally expand and terminally 
differentiate into IgA-secreting plasma cells under tiie influence of antigen, T helper cells 
1 5 and cytokines, such as interieukin (IL)-5 , IL-6, and IL- 1 0. 

Live attenuated strains of patiiogenic bacteria have proven uniquely successful in 
generating protective immune responses against tiie wild type pathogenic bacteria at 
mucosal sites. The live attenuated strains have also proven very effective in generating pro- 
tective immune responses against otiier pathogens, particularly when tiie live attenuated 
20 bacteria are genetically engineered to express antigenic epitopes of tiiese otiier pathogens. 

Two modes of attenuation have been used: undefined mutations and defined muta- 
tions. The most widely used attenuated bacterial vaccines - Salmonella typhi strain Ty21a 
and Mycobacterium bovis strain BaciUe, Calmette, Guerin (BCG) - were attenuated by 
undefined mutations. BCG is widely used tiiroughout the world as a live vaccine for tuber- 
25 culosis and in tiie treatment of certain cancers. S. typhi Ty21a is administered in tiiree or 
four oral doses and is very well tolerated in humans. The immune response elicited is both 
humoral and cell-mediated and confers significant, but mcomplete, protection from typhoid 
fever. 

Numerous attenuated strains of Vibrio, Salmonella, and Shigella that carry defined 
30 attenuatmg mutations have also been generated. These defined genetic mutations have been 
of two subclasses (1) disruption of gene(s) affecting metaboUsm or regulation and (2) 
disruption of gene(s) affecting virulence. While the metabolically attenuated strains proved 
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unsuccessful either due to their inability to provoke significant immune responses or 
because they caused unacceptable levels of high fever and bacteremia, virulence attenuation 
has proven to be a highly successful strategy. Killeen, et al., at 240-243. Safer and more 
effective vaccines have thus been constructed by virulence attenuation. 
5 Moreover, the successful genetic attenuation of live bacteria resulting in safe, 

immunogenic and protective vaccines has enabled the development of safe vaccine vectors. 
The use of genetically attenuated live bacteria as vaccine vectors has proven successful 
against viral, bacterial and parasitic derived pathogens. BCG, for example, has vectored 
several bacterial and viral antigens from Borrelia, pneumococci, simian immunodeficiency 

10 virus (SIV) and human immunodeficiency virus (HIV), eliciting immune responses against 
each antigen when used to immunize mice. BCG vectored outer-surface protein A (OspA) 
and pneumococcal-surface protein A (PspA) conferred protection against Borrelia and 5. 
pneumoniae, respectively in murine challenge models. 

Attenuated Salmonella have proven capable of delivering more than 30 bacterial, 10 

15 viral and 10 parasitic antigens in pre-clinical murine studies. Kaufmaim, Concepts in 
vaccine development, de Gruyter, Berlin (1996). Protective immunity was demonstrated 
with bacterial challenge with K pestis, L, monocytogenes and B, pertussis, viral challenge 
wdth Herpes simplex virus and influenza, parasitic challenge by L major and S, mansoni, 
among others. Kaufmann, Concepts in vaccine development, de Gruyter, Berlin (1996). 

20 Listeria monocytogenes has also been successfully used as a live attenuated vaccine 

vector. See, e.g., Shen H, et al., Compartmentalization of bacterial antigens: differential 
effects on priming of CDS T cells and protective immunity. Cell. 92(4):535-45 (1998); 
Jensen ER, et al., Recombinant Listeria monocytogenes vaccination eliminates 
papillomavirus-induced tumors and prevents papilloma formation from viral DNA, J Virol. 

25 71(Il):8467-74 (1997); Jensen ER, et al.. Recombinant Listeria monocytogenes as a live 
vaccine vehicle and a probe for studying cell-mediated immunity, Immunol Rev. 158:147- 
57 (1997); Slifka MK, et al., Antiviral cytotoxic T-cell memory by vaccination with 
recombinant Listeria monocytogenes, J Virol. 70(5):2902-10 (1996); Shen H, et al., 
Recombinant Listeria monocytogenes as a live vaccine vehicle for the induction of protect- 

30 ive anti-viral cell-mediated immunity, Proc Natl Acad Sci USA. 92(9):3987-91 (1995). 
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SUMMARY OF THE INVENTION 

In a first, independent aspect of the present invention, a Bordetella type III secretion 

system and its constituent components is disclosed. 

In a second, independent aspect of the present invention, genetically engineered 
5 Bordetella having modifications of the type III secretion system and its constituent 

components is disclosed. 

In a third, independent aspect of the present invention, live genetically attenuated 
Bordetella bronchiseptica having modifications of the type III secretion system or its 
constituent components effective in preventing infection with wild type Bordetella 

1 0 bronchiseptica is disclosed. 

In a fourth, independent aspect of the present invention, a vaccine including 
genetically engineered Bordetella bronchiseptica having modifications of the type III 
secretion system and/or its constituent components effective in preventing mfection with 
wild type Bordetella bronchiseptica is disclosed. 

15 In a fifth, independent aspect of the present invention, methods are disclosed for 

using genetically engineered Bordetella bronchiseptica having modifications of the type III 
secretion system as a vaccine against wild type Bordetella bronchiseptica. 

In a sixtii, independent aspect of the present invention, genetically engineered, 
attenuated Bordetella expressing a heterologous antigen effective as a live mucosal antigen 

20 delivery vector is disclosed. 

In a seventh, independent aspect of the present invention, genetically engineered 
Bordetella expressing a heterologous antigen effective in generating a mucosal immune 
response to the heterologous antigen is disclosed. 

In an eighth, independent aspect of the present invention, a vaccine including 
25 Bordetella expressing a heterologous protective antigen effective in generating a mucosal 
immune response to tiie heterologous antigen is disclosed. 

In a nintii, independent aspect of the present invention, methods are disclosed for 
using Bordetella expressing a heterologous antigen to generate a mucosal immune response 
to the heterologous antigen. 
30 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1- Differential display PCR with primers KB4 and ML2 (see Table 2) ident- 
ified fragments produced only from the Bvg^ but not Bvg phase cDNA. cDN As made fi:om 
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total RNA of B, bronchiseptica strain RB50 grown in the Bvg**" phase (lanes 1, 2, 5, 6) or 
Bvg' phase (lanes 3, 4, 7, 8) were used as templates for PGR with primer KB4 (lanes 1 to 4) 
or primer ML2 (lanes 5 to 8). Each reaction was done in duphcate except that the odd 
numbered lanes contain twice the amount of cDNA template as the even numbered lanes. 
5 Arrows indicate positions of prominent bands amplified only from Bvg"^ phase cDNA. 

Figure 2: Protein sequence of BscN compared to YscN. The two conserved Walker 
Boxes are outlined, and the shaded region is deleted in the mutant strain WD3, 

Figure 3. Genomic organization and open reading frames (arrows) of type III 
secretion genes in B. bronchiseptica. The numbers below each open reading frame indicate 
10 the percentage amino acid identity to corresponding homologues in (1) Yersinia spp, and (2) 
Pseudomonas aeruginosa. The letters A, B and C denote ORFs of secreted proteins 
identified in figure 5. 

Figure 4: BscN expression is regulated by bvg and it is expressed in the Bvg*^ phase, 
a. RT-PGR with primers specific for fliaB.flaA and bscN. Genomic DNA (g) and cDNAs 

15 made from total RNA of B, bronchiseptica strain RB50 grown in Bvg**" phase (+) or Bvg* 
phase (-) were used as templates for PGR. Gontrols of mock RT were templates in which 
the RT reactions were done in the absence of reverse-transcriptase. Primer pairs specific for 
JhaB (NX7+KX31),y7a^ (BA04+BA011) and two separate regions of bscN (WKW2 and 
W3+W4) were used for PGR. See Table 2 for sequences of primers, b. RT-PGR with the 

20 same primers as in part a, but with genomic (g), cDNAs and mock RT templates fi-om 
phase-locked strains of B. bronchiseptica RB53 (locked in Bvg"^ phase) and RB54 (locked 
in Bvg' phase), c. Slot blots of total RNA with probes for fliaB.floA, recA and bscN. ^^P 
labeled DNA probes were used to detect specific transcripts in total RNA isolated fi-om 
RB50 grown in Bvg"^ phase (+) or Bvg" phase (-). RNA samples were diluted two-fold and 

25 eight-fold in the second and third rows respectively of each panel. 

Figure 5: In-frame deletion of bscN causes decreased secretion of certain polypep- 
tides from B. bronchiseptica in vitro. TGA precipitates of proteins from culture super- 
natants of wild type strain RB50 (lanes 1, 3, 6, 8, 10, 12), A^cTV deletion strain WD3 (lanes 
2, 4, 7, 9, 1 1, 13) and Bvg" phased-locked strain RB54 (lane 5) were separated by 4 to 12% 

30 gradient SDS-PAGE and detected by: Goomassie stain (lanes 1 and 2); immunoblots with 
antisera from rabbit (lanes 3 to 5), rat (lanes 6,1, 10, 11) and mouse (lanes 8, 9, 12, 13), 
which were previously infected with RB50 (lanes 3 to 9) or WD3 (lanes 10 to 13). Open 
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arrows indicate major proteins produced from RB50 but not WD3 as detected by Coomassie 
staining while solid arrows indicate major proteins produced only from RB50 as detected by 
immunoblots. Numbers on the right column indicate positions of molecular weight markers 
in kiloDaltons. Figure 5' is another reproduction of the photograph in figure 5. Polypep- 
5 tides indicated as A, B and C were electroblotted onto PVDF paper and their amino- 
terminal sequences determined by Edman degradation. Amino terminal sequence of A was 
determined as: XRIDAARNPXHAAMQ. Amino terminal sequence of B was determined 
as: SVSPTSPGSFGAGPV. Amino terminal sequence of C was determined as: 
TIDLGVSLTSQAGGL. Three ORFs that correspond to these amino-terminal sequences 

1 0 are indicated in figure 3 . 

Figure 6: Deletion of bscN leads to decreased cytotoxicity of B. bronchiseptica on 
L2 epithelial cells. L2 cells were incubated with B. bronchiseptica strains RB50 (b and c), 
WD3 (e and f) and FFl (d) with MOI of 500 or without any bacteria (a) and incubated for 
15 minutes (b and e) or two hours (c, d and f). Cells were washed, fixed, stained with 
1 5 Giemsa stain, and observed under microscope. 

Figure 7: Deletion of bscN eliminates tyrosine dephosphorylation of certain proteins 
in L2 cells upon infection with B. bronchiseptica. Confluent L2 cells were incubated with 
B. bronchiseptica strains RB50 (lanes 3 and 4), WD3 (lane 5) and FFl (lane 6) with MOI of 
500 or without any bacteria (lane 2) for 1 hour. 1 mM vanadate was added to one sample of 
20 L2 cells incubated with RB50 (lane 4). Total cell protein from RB50 itself (lane 1) and 
each of the above samples of infected L2 cells were separated by 8% SDS-PAGE and 
probed v^th monoclonal antibody PT-66 specific for phosphotyrosine. Arrows indicate 
tyrosine-phosphorylated proteins that are apparently dephosphorylated upon incubation with 

RB50, but not with WD3 or FFl. 

25 Figure 8: Deletion of bscN causes defect in persistence of B. bronchiseptica in the 

trachea of rats. Female 4 week old Wistar rats were inoculated intranasally with 1000 cfii of 
either RB50 or WD3 in a 5^il suspension. Groups of 4 animals were sacrificed 14 and 35 
days post-inoculation. The nasal septum and 1 cm of the trachea were homogenized and 
plated on BG agar to determine recoverable cfu of B. bronchiseptica from these tissues of 

30 each animal. Differences between cfus of RB50 and WD3 recovered from the nasal septum 
on days 14 and 35, or from the trachea at day 14, were not statistically significant. Dotted 
line indicates the minimum level of detection. 
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Figure 9: BscN is not transcribed in most B, pertussis strains and a human isolate of 
B, parapertussis. Genomic DNA (g) and cDNAs from total RNA of Bvg"^ phase (+) and 
Bvg' phase (-) cells of the following strains were used as templates for PGR: B, 
bronchiseptica RB50; B, pertussis strains GMTl, 17471, Tohama 1, 18323; human isolate 
5 of 5. parapertussis strain A168 and ovine isolate of B, parapertussis strain HI. Primers 
specific for bscN in RB50 (W3 + W4) were used for PGR of the genomic DNA, cDNAs and 
also mock RT samples (0). 

Figure 10. In-frame deletion of bsp22 does not affect secretion of other type III 
secreted polypeptides. TGA precipitates of 1 ml of culture supernatant of wild type (RB50), 

10 AbscN (WD3) and Absp22 (D218) strains of B, bronchiseptica were immunoblotted with 
mouse antiserum specific for Bsp22 (A) antisera from a rabbit previously infected with 
RB50 (B). Thick arrow indicates Bsp22, thin arrows indicate other as yet unidentified type 
III secreted polypeptides, which are not secreted by WD3. Bsp22 secretion is restored in 
D21 8 by the presence of plasmid pLB2, which contains the ORF of bsp22 in the broad host 

1 5 range vector pBBRlMGS (A, right lane). 

Figure 11. Disruption of type III secretion leads to more rapid clearance of B, 
bronchiseptica from the trachea of C57BL/6 mice (A) and reduced colonization of the 
trachea of BALB/c mice (B). Female 4 week old mice were inoculated intranasally with 
10^ cfu of wild type (RB50), AbscN (WD3) or Absp22 (D218) strains in a 50 |il suspension. 

20 Groups of 3 to 4 animals were sacrificed 7 and 35 days post- inoculation. The nasal extract 
and 0.5 cm of the trachea of each animal were homogenized and plated on BG agar to 
determine recoverable cfu of B. bronchiseptica from these tissues of each animal. Dotted 
line indicates the minimum level of detection. Horizontal bars indicate means of cfu counts. 
Recovered cfii from the trachea showed significant difference (*) between that of RB50 and 

25 WD3 infected BALB/c mice on day 35 (p=0.03). Recovered cfu from the trachea also 
showed significant difference (*) between that of RB50 and D218 infected BALB/c mice on 
day 35 (p=0.01). 

Figure 12. Type III secretion mutants elicit higher titers of Bnti-Bordetella anti- 
bodies in infected mice compared to wild type infected animals. Wild type bacterial cells 
30 were coated onto ELISA plates and probed with serial dilutions of sera from BALB/c (A) or 
C57BL/6 (B) mice infected with RB50 or WD3 or D218 for 35 days. Bound anti- 
Bordetella antibodies were detected by secondary antibodies specific for total immuno- 
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globulins. Results were averages from 3 or 4 animals in each group. * indicates statistic- 
ally significant difference in titers between serum from wild type infected host and that 
from type III secretion mutant infected host at p<0.05. 

Figure 13. Disruption of type III secretion causes increase in virulence of B. 
hronchiseptica in SCID-beige mice. (A) 500 cfix of RB50, WD3, D218 or RB54 iAbvg) in 5 
^1 droplets were inoculated into the nasal cavity of groups of 10 SCID-beige mice. Health 
of the mice was monitored over a three month period and morbid mice were sacrificed prior 
to death. Time of survival of the mice inoculated with RB50 (circles) were significantly (as 
determined by Logrank analysis) longer than those infected with WD3 (triangles) (Chi- 
square= 9.701, P-value=0.0018) or D218 (squares) (Chi-square= 9.605, P-value=0.0019). 
(B) Growth curve of RB50, WD3 and D218 in Stainer-Scholte medium at 37°C with 
aeration as determined by optical density of liquid culture. (C) Similar numbers of bacteria 
could be recovered from SCID-beige mice infected with wild type or type III secretion 
defective strains of 5. hronchiseptica in early stages of infection. 5x10^ cfo of RB50, WD3 
15 or D218 were inoculated into groups of 3 to 4 SCID-beige mice and animals were sacrificed 
after 5 days. Recoverable cfu from the nasal cavities and lungs of animals were detemimed 
and compared. Unpaired t-tests showed no significant differences in the recovered cfu from 
each organ among different bacterial strains. 

Figure 14. Cytotoxicity of 5. hronchiseptica towards macrophage-like cell lines in 
vitro depends mostly on type III secretion. RB50 (wild type), WD3 (.l^>.cAO, D218 
{^Absp22) or RB54 (Bvg phase-locked mutant) were incubated with J774A.1 macrophage- 
like cell lines at MOI of 10 for 2 hours. Cytotoxicity is determined by release of lactate 
dehydrogenase as measured with the CytoTox96 kit and represented as arbifrary units. 

Figure 15. Type III secretion is required for induction of apoptosis of J774A.1 
mouse macrophage cell lines by B hronchiseptica. J774A.1 cells were infected with wild 
type strain RB50 (A), AhscN strain WD3 (B), or Absp22 strain D218 (C) with MOI of 50 
for 60 minutes, then washed, fixed, permeabilized and incubated with fluorescent TUNEL 
reagent according to manufacturer's protocol. Each sample was observed by differential 
interference contrast microscopy (top row) or epifluorescent microscopy (bottom row). 

Figure 16. Type III secretion is required for induction of apoptosis by B 
hronchiseptica in vivo. Female 4 week old BALB/c mice were inoculated intranasally with 
10^ cfti of PBS (A), RB50 (B) or WD3 (C) in a 50 ^il suspension. The animals were 
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sacrificed after 2 days and their lungs were fixed and sectioned as described in experimental 
procedures. The sections were then deparaffinized, labeled with fluorescent TUNEL 
reagent according to manufacturer's protocol and observed under phase-contrast 
epifluorescent microscope. Images are overlays of phase-contrast and fluorescent images of 
5 the same view. 

Figure 17. Type III secretion by B. bronchiseptica is required for aggregation and 
inactivation of NF-kB in L2 cells in vitro. The rat lung epithelial cell line L2 was incubated 
with: (A) medium alone; (B) medium with 10 ng/mlTNFa for 10 minutes; (C) wild type B. 
bronchiseptica (RB50) at MOI of 100 for 20 minutes; (D) wdld type B. bronchiseptica 
10 (RB50) at MOI of 100 for 20 minutes, followed by 10 ng/ml TNFa for 10 minutes; (E) 
AbscN strain of 5. bronchiseptica (WD3) at MOI of 100 for 20 minutes; (F) AbscN strain of 
B, bronchiseptica (WD3) at MOI of 100 for 20 minutes, followed by 10 ng/ml TNFa for 10 
minutes. Cells were fixed, permeabilized, labeled with antibody specific for NF-kB p65 
subunit and observed by epifluorescent microscopy as described in materials and methods. 
15 Figure 18. DNA sequence corresponding to figure 3. Seq, ID 1. 

Figure 19. DNA sequence corresponding to ORF of bscV. Seq. ID 2. 

Figure 20. DNA sequence corresponding to ORF of bcrS/bscX. Seq. ID 3. 

Figure 21. DNA sequence corresponding to ORF of bopN. Seq. ID 4. 

Figure 22. DNA sequence corresponding to ORF of bsp22. Seq. ID 5. 
20 Figure 23. DNA sequence corresponding to ORF of bcrHl. Seq. ID 6. 

Figure 24. DNA sequence corresponding to ORF of bopD. Seq. ID 7, 

Figure 25. DNA sequence corresponding to ORF of bopB. Seq. ID 8. 

Figure 26. DNA sequence corresponding to ORF of bcrH2. Seq. ID 9. 

Figure 27. DNA sequence corresponding to ORF of bcr4/bscY. Seq. ID 10. 
25 Figure 28. DNA sequence corresponding to ORF of bscl. Seq. ID 1 1 . 

Figure 29. DNA sequence corresponding to ORF of bscJ. Seq. ID 12. 

Figure 30. DNA sequence corresponding to ORF of bscK. Seq. ID 13. 

Figure 3 1 . DNA sequence corresponding to ORF of bscL. Seq. ID 14. 

Figure 32. DNA sequence corresponding to ORF of bscN. Seq. ID 15. 
30 Figure 33. DNA sequence corresponding to ORF of bscO. Seq. ID 16. 
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DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment, the invention provides a type III secretion system in Bordetella. 
This system comprises multiple proteins encoded by nucleic acid sequences that comprise 
the type III secretion system for Bordetella. In one embodiment, the DNA sequence of Fig. 
5 18 is provided. In another embodiment, one protein of the type III secretion system is 
encoded by a nucleic acid sequence designated bscV corresponding to Figure 1 9. In another 
embodiment, one protein of the type III secretion system is encoded by a nucleic acid 
sequence designated bcr3/bscX corresponding to Figure 20. In another embodiment, one 
protein of the type III secretion system is encoded by a nucleic acid sequence designated 
10 bopN corresponding to Figure 21. In another embodiment, one protein of the type III secre- 
tion system is encoded by a nucleic acid sequence designated bsp22 corresponding to Figure 
22. In another embodiment, one protein of the type III secretion system is encoded by a 
nucleic acid sequence designated bcrHl corresponding to Figure 23. In another embodi- 
ment, one protein of the type III secretion system is encoded by a nucleic acid sequence 
15 designated bopD corresponding to Figure 24. In another embodiment, one protein of the 
type III secretion system is encoded by a nucleic acid sequence designated bopB corre- 
sponding to Figure 25. In another embodiment, one protein of the type III secretion system 
is encoded by a nucleic acid sequence designated bcrH2. corresponding to Figure 26. In 
another embodiment, one protein of the type III secretion system is encoded by a nucleic 
20 acid sequence designated bcr4/bscY corresponding to Figure 27. In another embodiment, 
one protein of the type III secretion system is encoded by a nucleic acid sequence desig- 
nated bsci corresponding to Figure 28. In another embodiment, one protein of the type III 
secretion system is encoded by a nucleic acid sequence designated bscJ corresponding to 
Figure 29. In another embodiment, one protein of the type III secretion system is encoded 
25 by a nucleic acid sequence designated bscK corresponding to Figure 30. In another embodi- 
ment, one protein of the type III secretion system is encoded by a nucleic acid sequence 
designated bscL corresponding to Figure 31. In another embodiment, one protein of the 
type III secretion system is encoded by a nucleic acid sequence designated bscN corre- 
sponding to Figure 32. In another embodiment, one protein of the type III secretion system 
30 is encoded by a nucleic acid sequence designated bscO corresponding to Figure 33. 

Further, nucleic acid sequences are provided that hybridize (e.g., under stringent 
conditions) to the nucleic acid sequences of the invention, including, for example, the 
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homologous genes in B. pertussis and B. parapertussis. Additionally, the invention 
provides polypeptides encoded by the nucleic acid molecules of the invention. 

Bordetella spp. attenuated in accordance with the present invention are effective 
bacterial vectors for immunization against Bordetella infection as well as against 
5 heterologous antigens. 

In accordance with the present invention, Type III secretion system includes the 
"core components" that form the apparatus in the wild type bacteria that injects factors into 
host cells or the surrounding medium, "effectors," which are transported by the core 
apparatus into the host cells or into the surrounding medium and "accessory factors" 
10 including chaperones and other components used by the wild type bacteria to control and 
effectuate the production and delivery of the effectors by the core apparatus. 

Type III secretion system modifications in accordance with the present invention 
include any mutation that diminishes, aboUshes or otherwise alters the effectiveness of the 
type III secretion system in performing any of the functions it carries in vivo. These 
1 5 modifications include, for example, mutations to the "core" proteins that decrease or abolish 
the ability of the system to secrete proteins or to translocate effectors into host cells or host 
cell membranes, mutations deleting or modifying effector genes, such that they are not 
produced or their function is attenuated, or mutations to other components of the system, 
chaperones for example, which are necessary for the delivery of the effectors in the wild 
20 type bacteria. Regulatory elements, transcription factors and other components used by the 
wild type bacteria may also be ahered in such manner that the transcription, translation 
and/or processing of a component or components of the system is altered. Bordetella 
genetically engineered to include these mutations are also considered novel. 

The generation of mutants is well known in the art. Loci coding for type III secre- 
25 tion system proteins or polypeptides may be altered in any effective manner. Preferred are 
deletions of the coding region for a particular protein or polypeptide, or the coding region of 
several proteins or polypeptides. Alternatively, an entire operon coding for such proteins 
and/or polypeptides may be deleted. Also preferred are in frame deletion or deletions of 
one or more codons of a protein or polypeptide, such that the function of the protein or 
30 polypeptide is abolished or attenuated. Also preferred is the substitution of one or more 
codons in one (or more) protein(s) or polypeptide(s) such that the function of the protein(s) 
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or polypeptide(s) is abolished or altered. Also preferred are insertional mutatior^s. 

Combinations thereof may also be used. 

Another aspect of the present invention is the use of genetically modified Bordetella, 
preferably B. hronchiseptica, as an effective mucosal antigen-delivery system, and as the 
component of a vaccine. Delivery of antigens to mucosal surfaces by expressing the anti- 
gens in the bacteria of the present invention is effective for inducing mucosal immunity. 
Systemic immunity may also be provided. The resulting immunity serves to protect the 
host from microbial, and the like, invasion, or to combat such organisms when present m 
the host. 

When used as an antigen delivery system, Bordetella are genetically modified such 
that they may express one or more heterologous antigens. Any Bordetella may be used as a 
live vector, hovvever Bordetella attenuated in accordance with the present invention are pre- 
ferred Most preferred are recombinant attenuated Bordetella brorrchiseptica. In accord- 
ance with the present invention, Bordetella for use as a vaccine component or antigen 
delivery system may be attenuated by modifications to components other than to the type III 
secretion system, which nonetheless decrease or abolish export of type III secretion factors. 
For example, the strain Frl' described in Akerley, et al.. Ectopic expression of the flagellar 
regulorr alters de.elopmer^t of the Bordetella-host interaction. Cell 80(4):611.20 (1995), 
was engineered such that the>M5 promoter was replaced with that of^^a^. The entire 
motility regulon and flagellar proteins were expressed in the Bvg^ rather than the Bvg 
phase. This mutant has now been discovered to not secrete most, if not all, type III wild 
type secreted proteins. Tlie use of these modified Bordetella, and the like, as antigen 
delivery systems and as vaccine components is also considered novel. 

The bacteria may also be further modified such that they do not express other toxic 
factors, for example hemolysin/adenylate cyclase toxin, dermonecrotic toxin, and the like. 
They may also be modified such that their transmissibility is attenuated or abohshed, for 
example by mutating genes necessary for the Bvg phase, including motility genes, X^.frUb 
locus, which encodes two proteins that function together as a transcriptional activator that 
regulates the motility regulon, the urase gene, the alcaligin gene, and the like. Mutants that 
are Bvg* phase-locked may also be used. As a precaution, DNA repair and DNA recombi- 
nation enzymes, mating factors and accessory proteins, sites for integration of heterologous 
DNA for plasmids or phages, for example, may also be altered such that the risk of the 
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modified Bordetella exchanging or incorporating DNA from other organisms in the 
environment are decreased. 

Bordetella may be modified in any suitable maimer such that it expresses the 
heterologous antigen. The DNA encoding the heterologous antigen may be present extra- 
5 chromosomally, but is preferably integrated into the bacterial chromosome. The construct 
may include regulatory sequences, ribosome binding sequences, and other elements 
necessary for the proper expression of the antigen or antigens. The construction and 
manipulation of these expression vectors are well known to those of skill in the art. 

When the DNA encoding the heterologous antigen is present extra-chromosomally, 
10 for example in a plasmid, a balanced lethal host-vector system strategy may be used. See, 
e.g., Curtiss, et al., Stabilization of Recombinant Avirulent Vaccine Strains in Vivo, Res 
Microbiol 141:797-805 (1993) (incorporated herein by reference). This strategy is preferred 
when the preservation of the plasmid and the expression of the antigen for prolonged 
periods is desired. 

1 5 The antigens may be expressed under the control of any effective promoter, and may 

include other regulatory sequences and sequences necessary for the appropriate translation 
of the gene product. For example, constitutive promoters may be used. The use of the 
promoter for the recA gene (Kuhl, et al., Isolation and characterization of the recA gene of 
Bordetella pertussis, Mol Microbiol 7:1165-72 (1990)) is preferred. Alternatively, antigens 

20 may be expressed under the control of inducible promoters, which are also well known in 
the art. Preferred is the use of the inducible Tac promoter (Walker, et al.. Construction of 
minitransposons for constitutive and inducible expression of pertussis toxin in bvg-negative 
Bordetella Bronchiseptica, Inf & Immun 59:4238-48). Preferred is the expression of the 
antigen(s) xmder the control of the bvgAS locus, which controls the expression of virulence 

25 factors in wild type Bordetella, The use of the regulatory sequences used by wild type 
Bordetella for the expression of virulence factors is most preferred. The construct may also 
be inserted in a functional manner into an operon having any of the above described 
characteristics. 

Any antigen may be expressed, including multiple antigens. The antigen(s) may be 
30 expressed such that it remains within the bacteria, or may have a leader sequence such that 
the antigen is secreted, a transmembrane sequence or sequences, such that the antigen is 
anchored to the bacterial cytoplasmic or outer membranes, or a sequence such that it is 
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injected via the type III secretion system into the host cells. Combinations may also be 
used, such that the same antigen is displayed in the membrane, secreted, and/or expressed 
within the bacteria. When multiple antigens are expressed, they may be processed 
differently. 

5 The antigens may also be expressed as fusion proteins. See, e.g., Staats, et al., 

Mucosal immunity to infection with implications for vaccine development, Curr. Opin. 
Immunol 6:572-583 (1994) and references cited therein. Any effective fusion protein may 
be used. For example, for secretion the antigen may be fused to a protein or a portion of a 
protein that is secreted. Preferred are fusions to filamentous hemagglutinin, 
10 hemolysin/adenylate cyclase toxin, and the like, and portions thereof For integration into 
the membrane, the antigen may be fused to any membrane protein. Preferred is the use of 
pertactin. For secretion via the type III secretion system the antigen may be fused to a 
protein secreted via the type III secretion system, and in particular it is desirable that about 
the first 10-20 codons of the secreted protein be present. See, e.g., Anderson, et al., 
15 Yersinia enterocolitica type III secretion: an mRNA signal that couples translation and 
secretion ofYopQ, Mol Microbiol 31(4):1139-48 (1999). The antigen may also be fused to 
other antigens, or to proteins known to have an adjuvant, or other desirable effect. 

A protein or polypeptide, including for example an antigen, may be expressed as a 
fusion to a type III secreted gene so that it may be targeted into the host cytoplasm or 
20 membrane, or the extracellular medium by translocation of the fusion product via the type 
III secretion system. The strain expressing this construct may also be attenuated by specific 
inactivation of other type III secreted products (but not the "core" secretion apparatus genes) 
so that the only protein targeted into the host cell by type III secretion system is that of the 
fusion construct. 

25 Antigens derived from Leptospira canicola, L. grippotyphosa, L. hardjo, L. ictero- 

haemorrhagiae, L pomona, L. interrogans, L. bratislava, canine distemper virus, canine 
adenovirus type 2, canine parainfluenza virus, canine parvovirus, rabies, herpes viruses, 
HIV, SIV, Erysipelothrix rhusiopathiae, Pasteurella, P. multocida, Ascaris, Oesophago- 
stomum, pseudorabies virus, porcine parvovirus, pathogenic E. coli, including E. coli having 

30 K88, K99, 987P, and/or F41 adherence factors, Clostridium spp., including CI. perfringens, 
and a. perfringens type C beta toxoid. Salmonella, Vibrio, Mycoplasma, Actinobacillus 
pleuropneumoniae, Haemophilus, rotavirus, transmissible gastroenteritis virus. 
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Streptococcus sobrinus, S. mutans, influenza, to name a few, may be used. Other antigens, 
and antigens from other pathogens, which may be used in accordance with the present 
invention are within the skill and knowledge in the art. Bordetella factors, including viru- 
lence factors, may also be expressed, preferably in a modified form which prevents their 
5 deleterious effects while permitting the elicitation of an immune response specific to those 
factors. 

Antigens expressed may be in the form of whole heterologous proteins, or portions 
thereof, and may be modified such that their toxicity is decreased, their stability increased, 
or such that the protein or polypeptide may have other suitable or desirable modifications. 

10 The expression of polypeptides consisting of protective epitopes is preferred. The antigen 
may be derived from any pathogen, toxin, or other immunogenic material, including 
viruses, bacteria, eukaryotes, unicellular and multicellular parasites, and combinations 
thereof, or small molecules may be produced by the expression of the appropriate enzymes 
in the modified Bordetella. As most agents either infect mucosal surfaces directly or gain 

15 entry to the body via mucosae or mucosal lymphoid tissue, immunization that elicits 
mucosal antibodies is effective in preventing and combating these agents. 

The bacteria may also be engineered to directly or indirectly produce inflammatory 
stimuli. Direct inflammatory stimuli may be produced, for example, by the expression and 
secretion of pro-inflammatory cytokines (for a review, see Svanborg, et al., Cytokine 

20 responses during mucosal infections: role in disease pathogenesis and host defence, Curr 
Opin Microbiol 2(1):99-105 (1999)), including TNF, IL-1, IL-2, and other interleukins, 
TGF-p, interferon (for example INF-y), GM-CSF, and the like, NO inhibitors (.see, e.g., 
Thepen et al.. The role of alveolar macrophages in regulation of lung inflammation, Ann N 
Y Acad Sci. 725:200-6 (1994)), and the like. Enzymes or other proteins or polypeptides 

25 that may advantageously augment the immune response may be also be expressed. 

In general, the genetically modified Bordetella may be used as an antigen delivery 
system in any animal that will support the modified Bordetella for a time sufficient to elicit 
an immune response. These include, for example, humans, dogs, cats, pigs, cows, sheep 
mice, rats, guinea pigs, rabbits, skunks, opossums, raccoons, ferrets, foxes, hedgehogs, 

30 koala, bears, leopards, horses and other animals. 

The live attenuated Bordetella and the bacterial vectors of the present invention may 
be administered by any effective route. They are preferably administered such that the 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <W0 9959630A1JA> 



PCT/US99/10690 

WO 99/59630 

18 

bacteria colonize the nasal mucosa. The trachea may also be colonized, albeit at times only 
temporarily. Preferred is direct administration to the nasal mucosa, by spraying or injecting 
the bacteria suspended in a suitable solution, for example. Suitable solutions include water, 
saline, and other solutions known in the art. Inhalation and oral administration are also 
5 preferred. 

In accordance with the present invention, the live attenuated Bordetella may be 
administered in any effective mamier. The nasal route of administration is preferred. The 
reduced quantity of proteolytic enzymes and reduced antigenic competition in the nasal 
mucosa compared to the peroral and intragastric route may also present other advantages of 

10 Bordetella as a live attenuated vector. 

In accordance with the present invention, the genetically modified Bordetella may 

be used as a component of a vaccine. 

Bordetella having type III secretion mutants in accordance with the present 
invention which do not secrete type III secretion factors are also useful in identifying 
1 5 proteins and cloning DN A sequences encoding secreted factors. Factors can be cloned by 
their presence in the supernatant of cultiired wild type bacteria and their absence from the 
supematant of cultured modified bacteria. For example, wild type and modified bacteria 
may be separately grown in Stainer-Scholte medium at 37°C. Culture supematants may 
then be precipitated (with TCA, or the like) separated by SDS-PAGE, and stained (with 
20 Coomassie blue, or the like). Polypeptides present in the wild type but absent from tiie 
modified bacterial supematant may then be electroblotted (onto PVDF paper, for example) 
and tiieir amino-terminal sequences determined (by Edman degradation, or the like). A 
Bordetella genomic or cDNA library, or the like, may then be screened to obtain isolated 
DNA sequences encoding type III secretion secreted factors, or PGR may be used to 
25 amplify and isolate tiie sequence, which may tiien be subcloned. 

Alternatively, species A (mice for example) may be immunized witii supematant 
from wild type bacteria, while species B (rabbits, for example) may be immunized with 
supematant from modified bacteria. In an expression screen oi Bordetella, filters may be 
blocked with the semm from species B, then hybridized with the serum of species A. The 
30 filters are tiien incubated with labeled antibody specific for species A antibodies. As the 
clones producing products secreted by botii wild type and mutant bacteria will have been 
blocked by antibodies present in the serum from the animals immunized with the mutant 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9959630A1_IA> 



wo 99/59630 PCT/US99/ 10690 

19 

bacteria (species B), the antibodies present in the serum from species A will only bind 
clones producing products secreted by the type III secretion, which will not have been 
blocked. The clones may then be isolated and the DNA sequences encoding the secreted 
factor(s) subcloned into an appropriate vector. Alternatively, a genetic strategy may be 
5 used. For example, TncyaA mutagenesis to detect genes encoding polypeptides trans- 
located into host cells, and the use of screens relying on regulatory factors specific to Type 
III gene expression to find co-regulated genes. Other like strategies may be used with the 
type III secretion mutants to clone DNA sequences encoding polypeptides and proteins 
secreted by the type III secretion system. 

10 Another aspect of the present invention is a Bordetella type III secretion effector or 

combination of effectors, useful for sequestration of NF-kB in the cytoplasm. The effector, 
or effectors are also useful for preventing signal transduction to progress such that NF-kB 
activation and nuclear localization does not occur. The effector or effectors are also useful 
in preventing NF-kB from activating gene transcription, including preventing NF-kB from 

1 5 activating expression of cytokine and/or anti-apoptotic genes. 

Another aspect of the present invention includes a Bordetella type III secretion 
effector or combination of effectors, useful for in vivo decreasing inflammation and increase 
apoptosis of inflammatory cells. These components find utility as anti-inflammatory agents, 
particularly at mucosal sites. Their use is particularly effective in the airways and lungs. 

20 Another aspect of the present invention includes a Bordetella type III secretion 

effector or combination of effectors, with an in vivo tyrosine phosphatase activity. 

The type III secretion system is also useful for testing compounds for antimicrobial 
agents. Agents that inhibit type III secretion of wild type Bordetella are effective in 
preventing the inhibition of inflammation, thus permitting the immune system of the host 

25 organism to clear the Bordetella infection. 

Also provided by the invention are vectors that comprise the nucleic acid sequences 
described above. Examples of suitable vectors include but are not limited to retroviruses 
such as Moloney murine leukemia virus (MoMuLV); papovaviruses such as JC, SV40, 
polyoma, adenoviruses, Epstein-BalT Virus (EBV); papilloma viruses, e.g. bovine 

30 papilloma virus type I (BPV); vaccinia and poliovirus and other himian and animal viruses. 
Adenoviruses have several properties that make them attractive as cloning vehicles 
(Bachettis et al.: Transfer of gene for thymidine kinase-deficient human cells by purified 
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herpes simple, .iral DNA, PNAS USA 74:1590 (1977); Berkner, K.L.. Developme^ of 
adenovirus .eccrs for e^ession of heterologous genes. Bioteolmiques. 6:616 (1988); 
Ghosh-Choudhury G, et al.. Human adenovirus cloning vectors based on infectious bactenal 
plasmids. Gene; 50:161 (1986); Hag-Ahmand Y, et al., Developmen, of a helper- 
independen, Human adenovirus veCor and its use in ,he transfer of, he herpes simplex virus 
.Hymidine Mnase gene, J Virol 57:257 (1986); Rosenfeld K e. al., Adenavirus-n,edia,ed 
transfer of a recombinant al-antitrypsin gene to the lung epithelium in vivo. Science 
252:431 (1991)). 

For example, adenoviruses possess an intermediate sized genome that replicates m 
cellular nuclei; many serotypes are clinically imiocuous; adenovirus genomes appear to be 
stable despite insertion of foreign genes; foreign genes appear to be maintained vvithont loss 
or rearrangement; and adenoviruses can be used as high level transient expression vectors 
v.ith an expression period up to 4 weeks to several months. Extensive biochemical and 
genetic smdies suggest that it is possible to substitute up to 77.5 kb of heterologous 
; sequences for native adenovirus sequences generating viable, conditional, helper- 
independem vectors (Kauflnan R.J.; Identification of the component necessary for 
adenovirus translational control and their utilization in cDNA expression vectors. PNAS 

USA 82:689 (1985)). 

Another vector is AAV. AAV is a small human parvovirus with a single stranded 
0 DNA genome of approximately 5 kb. This virus can be propagated as an integrated provirus 
in several human cell types. AAV vectors have several advantage for human gene therapy. 
For example, they aie trophic for human cells but can also mfec, other mammaBan cells; (2) 
no disease has been associated with AAV in humans or other animals; (3) integrated AAV 
genomes appear stable in their host cells; (4) there is no evidence that integration of AAV 
.5 alters expression of host genes or promoters or promotes their reammgement; (5) introduce 
genes can be rescued from the host cell by infection with a helper virus such as adenovirus. 

HSV-1 vector system facilitates introduction of virtually any gene into non-mitotic 
cells (Geller et al.. An efficient deletion mutant packaging system for a defective herpes 
simplex virus vectors: Potential applications to human gene therapy and neuronal 
30 physiology, PNAS USA 87:8950 (1990)). 
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Another vector for mammalian gene transfer is the bovine papilloma virus-based 
vector (Sarver N, et al.. Bovine papilloma virus DMA: A novel eukaryotic cloning vector, 
Mol Cell Biol 1:486(1981)). 

Vaccinia and other poxvirus-based vectors provide a mammalian gene transfer 
5 system. Vaccinia virus is a large double-stranded DNA virus of 120 kilodaltons (kd) 
genomic size (Panicali D, et al., Construction of poxvirus as cloning vectors: Insertion of 
the thymidine kinase gene from herpes simplex virus into the DNA of infectious vaccine 
virus, Proc Nad Acad Sci USA 79:4927 (1982); Smith et al., Infectious vaccinia virus 
recombinants that express hepatitis B virus surface antigens. Nature 302:490 (1983).) 
10 Retroviruses are packages designed to insert viral genes into host cells (Guild B, et 

al.. Development of retrovirus vectors useful for expressing genes in cultured murine 
embryonic cells and hematopoietic cells in vivo, J Virol 62:795 (1988); Hock RA, et al.. 
Retrovirus mediated transfer and expression of drug resistance genes in human hemopoietic 
progenitor cells. Nature 320:275 (1986)). 
1 5 The basic retrovirus consists of two identical strands of RN A packaged in a proviral 

protein. The core surrounded by a protective coat called the envelope, which is derived from 
the membrane of the previous host but modified with glycoproteins contributed by the virus. 

Further, microorganisms are provided that are transformed by vectors including 
DNA sequences encoding constituents of the secretory system of the present invention. In 
20 accordance with the practice of the invention, the microorganism is Bordetella, e.g, 
Bordetella selected from the group including, but not limited to, Bordetella pertussis, 
Bordetella parapertussis and Bordetella bronchiseptica. The invention further provides 
host cells infected with the microorganisms of the invention. 

Additionally, vaccines for protecting an animal against a disease are provided. For 
25 example, the vaccine can induce a cytotoxic T lymphocyte (CTL) mediated immune 
response. In one embodiment of the invention, the vaccine comprises a sufficient amount of 
microorganisms of the invention. The microorganisms of the invention have been 
transformed by the vectors of the invention. In accordance with the practice of the inven- 
tion, a vaccine can further comprise a sufficient amount of one or more additional antigenic 
30 components for protecting an animal against disease caused by one or more other 
pathogenic microorganism, cells or viruses. Examples of suitable antigenic components 
include but are not limited to one or more of inactivated leptospira canicola, inactivated 
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leptospire icterhemmorhagiae, modified canine distemper virus, modified canine adenovirus 
type 2, modified canine parainfluenza virus and modified canine parvovirus. 

' The invention further provides hybrid nucleic acid sequences. These hybrid nucleic 
acid sequences encode heterologous gene products and comprise nucleic acid sequences 
encoding members of a type III secretion system for Bordetella joined to a transgene or 
multiple transgenes. These heterologous gene products can stimulate host immunity, e.g., 
by a CTL mediated immune response, and serve as a vaccine for Bordetella or non- 
Bordetella infection. In one embodiment, the transgene encodes an immunogenic protein 
from any species. Examples of suitable immunogenic proteins include but are not limited to 
a pilinic subunit, pertussis toxin or subunits thereof, filamentous hemagglutinin, adenylate 

cyclase and the protein 69K. 

In one embodiment, the hybrid nucleic acid sequence includes, however is not 
necessarily limited to bscV, bcr3, bopN, bsp22, bcrHl, bopD, bopB, bcrH2, bcr4, bscl, bscJ, 
bscK, bscL, bscN and bscO having the sequences described above and a transgene. 

Examples of transgenes include suicide genes and genes that shov. late cell 
development. For example, suicide resuh in a protein or agent that inhibits cell growth or 
tumor cell death. Suicide genes include genes encoding enzymes, oncogenes, tumor 
suppressor genes, genes encoding toxins, genes encoding cytokines, or a gene encoding 
oncostatin. The purpose of the transgene is to inhibit the growth of or kill cells, of interest 
or produce cytokines or other cytotoxic agents which directly or indirectly inhibit the 

growth of or kill the cell of interest. 

Suitable enzymes include thymidine kinase (TK), xanthine-guanine phospho- 
ribosyltransferase (GPT) gene from E. coli or E. coli cytosine deaminase (CD), or 
hypoxanthine phosphoribosyl transferase (HPRT). 
25 Suitable oncogenes and tumor suppressor genes include neu, EGF, ras (including H, 

K and N ras), p53, Retinoblastoma tumor suppressor gene (Rb), Wilm's Tumor Gene 
Product, Phosphotyrosine Phosphatase (PTPase),, and mn23. Suitable toxins include 
Pseudomonas exotoxin A and S; diphtheria toxin (DT); K coli LT toxins, Shiga toxin. 
Shiga-like toxins (SLT-1, -2), ricin, abrin, supporin, and gelonin. 
30 Suitable cytokines include interferons, GM-CSF interleukins, tumor necrosis factor 

(TNF) (Wong G, et al., Human GM-CSF: Molecular cloning of the complementary DNA 
and purification of the natural and recombinant proteins, Science 228:810 (1985)); 



20 
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W09323034 (1993); Horisberger MA, et al., Cloning and sequence analyses of cDNAs for 
interferon- and virus-induced human Mx proteins reveal that they contain putative guanine 
nucleotide-binding sites: functional study of the corresponding gene promoter. Journal of 
Virolo 64(3):1 171-81 (1990); Li YP et al., Proinflammatory cytokines tumor necrosis 
5 factor-alpha and IL-6, but not IL-1 , down-regulate the osteocalcin gene promoter. Journal of 
Immunology 148(3):788-94 (1992); Pizarro TT, et al., Induction of TNF alpha and TNF 
beta gene expression in rat cardiac transplants during allograft rejection. Transplantation 
56(2):399-404 (1993)). Breviario F, et al., Interleukin-1 -inducible genes in endothelial 
cells. Cloning of a new gene related to C-reactive protein and serum amyloid P component. 

10 Journal of Biologic Chemistry, 267(3 1):22 190-7 (1992); Espinoza-Delgado I, et al.. 
Regulation ofIL-2 receptor subunit genes in human monocytes. Differential effects ofIL-2 
and FFN-gamma, Journal of Immunology 149(9):2961-8 (1992); Algate PA, et al.. 
Regulation of the interleukin-3 (IL-3) receptor by IL-3 in the fetal liver-derived FL5.12 cell 
line. Blood 83(9)-2459-68 (1994); Cluitmans FH, et al., IL-4 down-regulates IL-2-, IL-3-, 

15 and GM-CSF-induced cytokine gene expression in peripheral blood monocytes. Annals of 
Hematology, 68(6):293-8 (1994); Lagoo, AS, et al., IL-2. IL-4, and IFN-gamma gene 
expression versus secretion in superantigen-activated T cells. Distinct requirement for 
costimulatory signals through adhesion molecules. Journal of Immunology 152(4): 1641 -52 
(1994); Martinez OK et al., IL-2 and IL-5 gene expression in response to alloantigen in 

20 liver allograft recipients and in vitro. Transplantation 55(5): 1 1 59-66 (1 993); Pang G, et al., 
GM-CSF, IL-I alpha. IL-1 beta. IL-6. IL-8, IL-10, ICAM-1 and VCAM-1 gene expression 
and cytokine production in human duodenal fibroblasts stimulated with lipopolysaccharide. 
IL-1 alpha and TNF-alpha, Clinical and Experimental Immunology 96(3):437-43 (1994); 
Ulich TR, et al., Endotoxin-induced cytokine gene expression in vivo. Ill IL-6 mRNA and 

25 serum protein expression and the in vivo hematologic effects of IL-6, Journal of 
Immunology 1 46(7) :23 16-23 (1991); Mauviel A, et al., Leukoregulin, a T cell-derived 
cytokine, induces IL-8 gene expression and secretion in human skin fibroblasts. 
Demonstration and secretion in human skin fibroblasts. Demonstration of enhanced NF- 
kappa B binding and NF-kappa B-driven promoter activity.. Journal of Immunology 

30 149(9):2969-76 (1992)). 

Growth factors include Transforming Growth Factor-a (TGFa) and (3 (TGFp), cyto- 
kine colony stimulating factors (Shimane M, et al.. Molecular cloning and characterization 
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ofG-CSF induce, gem cDNA, Biochemical and Biopl^ysical Research Communications 
199(l)-26-32 (1994); Kay AB, et al.. Messenger RNA e^cpression of ,He cyMne gene 
clus,er interleukin 3 (lL-3). 11-4. ILS. and granulocyte/macrophage colony-smulmmg 
facor. in aUergen-iniucei la.e-pHase cu,a,.ous reacHons in aiopic subjects. Jouma^ of 
5 Experimenml Medicine 173(3):775-8 (1991); de Wi. H. e. al., Differeniial regulation ofM- 
CSF and 11-6 gene expression in monocytic cells, British Jonmal of Haematology 
86(2):259-64 (1994); Spr^her E. e. al.. Detection of IL- 1 beta, TKF-alpha, and 1L.6 gene 
transcription by the polymerase chain reaction in keratinocytes. Langerhans cells and pcr.- 
toneal exudate cells during infection ™ti. herpes simplex virus-1, Archives of V,r„logy 

10 126(l-4):253-69(1992)). 

Preferred vectors for use in flie methods of dte present invention are vtral mcludtng 
adenovintses. ret^viral. vectors, adeno-associated viral (AAV) vectors. However, other 
vectors generally known in the art may be used. 

The invention also provides recombinant toxin antigens encoded by any of ttte 
15 hybrid nucleic acid sequences described above. Further, tite invention provides vaccme 
compositions comprising pharmaceutically acceptable carriers or diluents in combmation 
witi. any of the recombinant toxin antigens of the invention. In one embodtment. tite 
vaccine composition ftrther comprises an antigen adjuvant. 

TT,e invention additionally provides antibodies or derivatives thereof whrch 
20 recognize and bind a protein of tite type 111 secretion system of tite invention derived from 
type 111 secretion system of Bordetella. 

The invention ptovides meU,ods for protecting an animal (e.g.. a dog, cat. ptg, or 
cow) against disease. In one embodiment a method which comprise administenng to the 
ammal a vaccine. The vaccine comprises a microorganism of the invention in an amount 
25 sufBcient to protect the animal. Administration of the vaccine can be eifected by parenteral 
injection, intranasal administiation. intrapharyngeal administration, or toptcal 
administration, otiier means of administration are possible. 

In accordance with Ute practice of tt>e invention, the animal can be a dog and 
protection is directed to prevention of kemrel cough In this case, administration of tite 
30 vaccine can be effected by intrapharyngeal application, Otirer administration means are 
possible. 
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Alternatively, the animal is a swine and protection is directed to prevention of 
atrophic rhinitis and turbinate atrophy. In this case, administration can be effected by 
intranasal application. Other administration means are possible. 

In accordance with the practice of the method of the invention, the amount of the 
5 microorganism to be administered is at least one microorganism per administration. The 
amount of the microorganism can be in a range of 1 microorganism to 100 million 
microorganisms per administration. 

The invention also provides a method for protecting an animal against disease which 
comprises administering to the animal a vaccine composition comprising a pharma- 
10 ceutically acceptable carrier or diluent in combination with any of the recombinant toxin 
antigen of the invention. 

Additionally, the invention provides methods for expressing a heterologous gene 
product from a Bordetella strain. The method comprises attaching a transgene to a nucleic 
acid sequence of the invention so as to produce a hybrid gene. Further, the method provides 
15 introducing the hybrid gene into the Bordetella strain to form a viable transformed 
Bordetella strain and culturing the transformed Bordetella strain to effect expression of the 
heterologous gene product. In one embodiment, expression of the heterologous gene 
product is constitutive, or regulated. 

The invention also provides methods for the diagnosis of diseases associated with a 
20 Bordetella strain in a subject. This method comprises obtaining a specimen, e.g., of naso- 
pharyngeal secretions, from the subject and detecting the presence of a nucleic acid 
sequence of the invention. After detection is effected, the method provides quantitatively 
determining the number of nucleic acid sequences so present. In accordance with the 
practice of the invention quantitatively determining the number of nucleic acid sequences 
25 can be achieved by comparing the number of cells so detected to the amount in a sample 
from a normal subject. The presence of a measurable different amoimt indicating the 
presence of the disease. 

Alternatively, the number of nucleic acid sequences can be achieved by comparing 
the number of cells so detected to the amount in a sample from the same subject at a 
30 different point in time so that a difference can be determined. The difference in time being 
indicative of the state of the disease. 
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In accordance with the practice of the invention the subject includes, but is not 

limited to, a dog, cat, pig, cow. 

The invention further provides method, for detecting the presence of nucletc actd 
sequences encoding a proteins of the type III secretion system for Bor^eulla in a sample. 
5 In one embodiment, the invention comprises contacting a protein encoded by a 

nucleic acid with the antibody of the invention thereby forming a detectable complex. Tlte 
presence of *e complex in the sample is indicative of the presence of the nucle.c actd 
sequence. In accordance with the ptactice of the invendon, the antibody can be labeled so 
as to directly or indirectly produce a detectable sign^. The label includes but is not hmtted 
,0 toacompoundsuchasaradiolabeUanenzymcachromophoreandafluorescer. 

Further in another embodiment, the invention comprises contacting the sample wtth 
any of the nucleic acid sequence of the invention and detecting the binding of the nucletc 
acid to a constiment in the sample thereby forming a complex. The presence of the complex 
being indicative of the nucleic acid encoding any of Are bscV, bcr3, bopN. bsp22. bcrH . 
,5 bopD. bopB. bcrH2. bcr4. bscl, bsci, bscK, bscL. bscN and bscO protein » -P'^'" 
accordance with the practice of the invention, the consti«.ent can be a "NA or RNA. 
Further, the sample can be a tissue or biological fluid sample. Examples of biologrcal flmds 
include but is not limited to urine and blood sera. 

In accordance with the practice of the invention, the nucleic acid sequence can be 
20 labeled so as to directly or indirectly produce a detectable signal. Typically, the label ts a 
compound selected from the group consisting of a radiolabel. an enzyme, a chromophore 
andafluorescer. Other compounds are possible. 

The invention further provides a method for producing a BordsUlla bacterta havtng 
an inactivated secretion system. TWs method comprises genetically modifying *e 
25 Bortaella bacteria by removing any of the type III secretion genes. e.g.. any or all of the 
nucleic acid sequences of invention. Al^matively. ti>e method comprises genetical y 
modifying tite Borie,em bacteria by modifying any of ti>e type ..I secretion genes so as to 
inhibit s^retion or transfer of the gene product to the host. The genetically modrf^^ 
BorcU,eUa having an inactivated secretion system so produced can be used as an attenuated 
30 strains for a vaccine against a Sor<ie/e;to infection. „ ^ . 

Further, the invention provides a metitod for inhibiting infectious Bordetdla bactena 
in a subject by admimstering the genetically modified BoM so produced by the 
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method above to a subject. Transient or limited colonization by the modified Bordetella 
results in protection against infectious bacteria. 

The type III system of the invention can be used to deliver macromolecules, e.g., 
proteins of interest, directly into host cells. There has been no previous report of a type III 
5 secretion system in Bordetella spp. and all of the previously identified protein toxins 
synthesized by Bordetella spp, do not appear to be secreted by a type III system. The data 
herein shows that genes of a type III secretion apparatus when expressed, e.g,, in A 
bronchiseptica, is regulated by the BvgAS two-component signal transduction system. 

The regulation of type III secretion is useful since secretion of many proteins via this 
10 pathway appears to be facilitated by direct contact between bacteria and target cells (Galan 
and Bliska, 1996), Environmental signals including pH, redox potential, osmolarity, and 
nutrient levels can also regulate expression of type III system genes (Bajaj et al., 1996; Lee, 
1997). 

The following examples are presented to illustrate the present invention and to assist 
15 one of ordinary skill in making and using the same. The examples are not intended in any 

way to otherwise limit the scope of the invention. 

EXAMPLES 

Experimental procedures 

Bacterial strains and growth conditions, 
20 B. bronchiseptica strains RB50, RB54 and RB53; B. pertussis strains Tohama 1, 

18323 and GMTl; ovine isolate of B, parapertussis strain HI have all been previously 

described (Cotter and Miller, 1994; Martinez de Tejada et aL, 1996; Porter et al., 1994). B. 

pertussis strain 17474 was a clinical isolate from Erlangen, Germany and human isolate of 

B, parapertussis strain A168 was from CDC, USA. B. bronchiseptica strain FFl was 
25 constructed from RB54 by replacing wild type promoters of JhaB mdfltaC with ihefloA 

promoter to ectopically express FHA. All strains were cultured in Stainer-Scholte liquid 

medium or BG agar as previously described (Cotter and Miller, 1994; Cotter and Miller, 

1997; Martinez de Tejada et al., 1996). 

Differential display, PCR, RT-PCR. RNA slot blots, DMA sequencing and molecular 
30 cloning. 

Total RNA was isolated from mid-log bacterial cultures using Trizol reagent (Gibco) 
according to the manufacttirer's protocol. Total RNA was reversed-transcribed into cDNA 
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using 2M RNA. 200 ng random hexamers and Superscript 11 (Gibco) as described by 
manufaourer's protocol. Reaction conditions for differential display/arbitmy-pnmed PCR 
„e« as follows. One-.ena> or one-twentieth of the cDNA fi:om each reverb— pfon 
reaction was combined with 3mM MgCh, 1 U Taq Polymerase (Promega, Madison WI), 
5 250 t^U each of the 4 dNTPs and 20 pmoles of primer in a total volume of 25 ^1. A PTC 
100 thermal cycler (MI Research) was used for the reactions. For short primers (lO-mers) 
the cycling paranteters were: 45 cycles of (94X for , min. 36»C for 1 min. 72«C fo, 2 mm) 
andthen 72-C for 5 min. For longer primers (>17 mers): 4 cycles of (94»C for 5 mm, 40 C 
for 5 min and 72-C for 5 min) we,, followed by 30 cycles of (94X for 1 min, 55"C for 1 
1 0 min and 72°C for 2 min) and a final incubation at 72''C for 5 min. 

PCR products were analyzed on 2% agarose gels containing 0.5 ^g/ml eth,d.um 
bromide To determine reproducibility, reactions with different concentnttions of cDNA 
were run in duplicates. Specific tands of interest were isolated with Geneclean kit (BtoM), 
^.amplified under the same PCR conditions, and then cloned using the TA clomng ktt 

15 (Invitrogen). r., in 

For PCR with specific primer pairs, conditions were as follows: 2 mM MgCh. 
Ta, Polymerase (Promega. Madison WI). 200 .M each of the 4 dNTPs, 1 ,M of each 
primer and 5% DMSO. For genomic DNA templates, a single colony of bact«ial culture on 
a plate was picked and directly mixed into the reaeUon solution. For cDNA templates, one- 
20 twentieth of each reverse-transcription reaction was used. Cycling parameters were: 25 
cycles of (94»C for 1 min, 55" or 50»C for 1 min and 7rC for 1 min) and a final incubatton 
at 72°C for 5 min. Sequence of primers used are shown in Table 2. 

RNA slot blots were performed as previously described (Cotter and Miller, 1997). 
Probes used w^: a 500 bp E«,RI-StyI fragment of recA. a 450 bp Bgm.Ban,m fragment 
25 offtaS,a500bpPCRproduetofy!aAusingprimersBA04andBA01 1, and a 420 bp PCR 
product of tscN using primers W3 and W4. All recombinant DNA techniques were 
perfonned as described in st^dard pn>toeols (Sambrook e. al., 1989). BaCeria, conjuga- 
lions, allelic exchanges, plasmid rescues and construction of in-frame deletton. 

Allelic exchanges were performed using suicide vectors pEG7 or pEOBR (Akerley 
30 etal ,995-Co..erandMiller,1997;MarUnezdeTejadaetal., 1996).DNAfragmen.sused 

for homologous recombinations were subcloned into the vectors and then transfonned mto 
E coli SMIO for mating to B. bronchiseptica. Matings, selection for gentam,cm or 
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kanamycin resistant co-integrants and counter-selection against sucrose sensitivity for 
second recombination events were done as described (Akerley et al., 1995; Cotter and 
Miller, 1997; Martinez de Tejada et al., 1996). 

DNA flanking original fragment of bscN (from arbitrary-primed PGR) was isolated 

5 as follows: the 420 bp PGR fragment was subcloned into pEG7 and the resulting suicide 
plasmid introduced into RB50. Genomic DNA from gentamicin resistant colonies 
(containing integrated plasmid by homologous recombination into the bscN gene) was 
digested with Nsil (one of several restriction enzymes used which does not cut within 
pEG7), self-ligated, transformed into E. coli XLl-Blue and selected by ampicillin 

1 0 resistance. The rescued plasmid containing extra 4 kb of DNA was restriction mapped and 
fragments were subcloned into pBluescript for DNA sequencing on both strands. The 
assembled sequence was analyzed for ORFs and searched for homologous sequences in the 
database using BLAST (NGBI) and sequence alignments were performed with ALIGN in 
the FASTA program (U. Virginia). 

1 5 For construction of the in-frame deletion in bscN, two PGR fragments using primers 

W1+W2, which amplify a 350 bp fragment (from codon no. 54 to codon no. 170 of the 
bscN ORF) and primers W3+W4, which amplify a 420 bp fragment (from codon 262 to 
400) were ligated by overlapping PGR, using overlapping regions between W2 and W3, in 
the presence of primers Wl and W4. Pfu polymerase (Stratagene) was used for these PGRs. 

20 The resultant 770 bp fragment was sequenced to ensure maintenance of the reading frame 
and then subcloned into pEGBR. The resulting suicide vector was introduced into RB50 
and two recombination events were selected for (first by kanamycin resistance and then by 
sucrose resistance). Resulting colonies were screened by PGR with primers Wl and W4 
which give a 770 bp product from the genome of the deletion strain WD3 but a 1050 bp 

25 product from the wild type. For construction of the transcriptional LacZ fiision with bscN, 
the 420 bp PGR product from W3+W4 was subcloned into the suicide vector pEGZ 
(Martinez de Tejada et al., 1996), integrated into RB50 genome by homologous 
recombination, and selected by gentamicin resistance. 

For construction of the in-frame deletion in bsp22, two PGR fragments using 

30 primers 

D21 (5'GGGGATGGAGTTTTGGGTGGGGGTGG3') and 
D22 (5'AAGTGGGAGATGAATGGTGATG3') 
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„«eha™plUya490.p^gn.en.(i^n,ups«ea.of*.p..ORP.o— gflrs.7ooao„, 

S^:;Lccattoatctcooagttaacaottccatca^^^^ 

- (-COOATCCAACCCCTOCA-^^^^^^^ ^^^^^ 
xvhich amplify a 460 bp ftagment (from the last 9 coo 

„ere Ikated by overlapping PCR, using overlapping regions be^veen D22 and D23, m the 

presence of primers D21 and i The resulting suicide 

maintenance of .he reading frame and then subcloned mto pEOBR^ Th^^.s"^ g 
vector was introduced into RB50 (via conjugation with transformed E. coU SM. ^ 
vector wa* kanamycin resistance and then by 

3 and two recombination events were selected for (first by kanamy ^^.,,^324 
•ct«nce^ Resulting colonies were screened by PCR with pnmers D21 and D24 
sucrose resistance). Resulting ^ ^^^^ 

that eave a 930 bp product from the genome of the deletion stram 

that gave a. yj^j v v . , ... «c«99 in D218 was confirmed by 

product from the wild type. Functional deletion of Bsp22 m D21S 

f r»oi R an 850 bp fragment consisting of the entire 
irmnunoblots. For complementation of D218, an 850 bp ir g 

5 ORF of 6.p22 was obtained by PCR with the primers 

LB25K (5.ACTGGTACCTCGGAGAAGGAACCATITGCCTAC3 ) and 
R2FF3B r5'CTAGGATCCGCGGCACGCATGGATTGG3') 

B2FF3B(5U1AU ^^^^ ^^^^ p^^^^^d 

,n RR«;MCS c^n-i"? d/S'^'-^"' onMolic-resistome caserns. Gene 166(1).175 (199 ), 
oZSZ^idpi. p.B2wastransformedi„to..c„«s.ainSM10whiohmtum 

::eo,uga:ito02,Sandresu,tante.c„n3ugantsselec.edbyan«^^^^^^^^ 

25 Protem analysts on SDS-PAGE an p,„,eins &om 15 hour 

described (Cotter and Miller, 1997; MarUnez de Tejada et al., 1996). 
.,^..rnatantswerer.rs.precipitatedwith,^,.ch^^^^^^^ 

'»■^.-'^rr^e:ren:^^,l:^— blots. Tota, ceUular 
Coomassie stainmg while I ml equivalents wer 
30 proteins f^m L2 eel, cultures were obtained by solubiliztng ceUs «-w^> - 

plates with 300 ^ of protein sample buffer and then scraped off and botled for 5 mmute. 
C entb of thl was loaded on each lane. Sera f.m rabbits, rats and mtce prevtousl. 
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infected with B. bronchiseptica for 1 to 2 months were diluted 1:2500 for immunoblotting. 
Anti-phosphotyrosine monoclonal antibody from mouse was clone PT-66 from Sigma and it 
was used at 1 :2000 dilution for immunoblots. All detections of immunoblots were done 
with enhanced chemiluminescence (Amersham). P-galactosidase assays were performed as 

5 previously described (Martinez de Tejada et al., 1 996). 

For protein amino-terminal sequence determination, proteins separated by 
SDS-PAGE were electroblotted onto PVDF paper and stained with Coomassie Blue. A 
GST fusion of the entire ORF of bsp22 was constructed and purified with standard 
protocols using pGEX2T vector (Pharmacia). 8 week old BALB/c mice were injected i.p. 

10 with 100 \i% of the GST-fusion protein in a 1 :9 emulsion with complete Freund's adjuvant 
on days 0, 14, 28, 35 and 42 to induce antibody and ascites production. Ascites from the 
mice were collected on days 35, 42 and 49, and tested for specificity to antigens with 
immunoblots. Rabbit and mouse antisera were diluted 1:2500 for immunoblotting. All 
detections of immunoblots were done with enhanced chemiluminescence (Amersham). 

15 Mammalian cell cultures, cytotoxicity assays, apoptosis assays and immunofluorescent 
studies. 

L2 rat lung epithelial cell line (ATCC) was cultured in F12K medium supplemented 
with 10% fetal bovine serum (FBS) while J774 and RAW macrophage-like cell lines were 
cultured in DME with 10% FBS. L2 cells were grown to 70% confluency for cytotoxicity 
20 assays and 95% confluency for phosphotyrosine assay. Bacterial infections of the cell 
cultures were done with multiplicity of infection (MOI) ranging from 10 (for macrophage 
cell lines) to 500 (for L2 cells) and bacterial suspensions were centrifuged onto the adherent 
cells at 500Xg for all the assays. For L2 cytotoxicity assays, at the end of incubations, the 
cells were washed three times with Hanks Balanced Salt Solution (HBSS), fixed in 

25 methanol and stained with Giemsa stain for 30 minutes before observations under a phase- 
contrast microscope. Cytotoxicity assays from the macrophage cell lines were performed 
using the Cytotox96 kit (Promega) as per manufacturer's protocol. 

Apoptosis assays were performed using the in situ cytotoxicity assay kit based on a 
fluorescent TUNEL assay (Boehringer Mannheim) according to manufacturer's protocol. 

30 Cytotoxicity assays for the J774A.1 cell line were performed using the Cytotox96 kit 
(Promega) according to manufacturer's protocol. Immunofluorescent labeling of L2 cells 
were performed as follows: cells were fixed for 30 minutes in 4% paraformaldehyde and 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO_9959630A1JA> 



WO 99/59630 

32 

penneabUized with 0.1% monX-100 in PBS for 10 n^nutes. "^"j;-; 

Lubated for 30 minutes in Wo BSA/Hanks balanced salt solution (HBSS) >.th 1.100 
incubatea lor ^^^^.^^ 

dilution of normal goat serum, followed by 60 mmutes m 

u SC.372 Santa Cruz Biotechnology) m the same 

antibody (against p65 subunit of NF-kB, so 3 /2, i>an 

• • 10/ A /HRSS and then incubated with 1.2UU 
3 buffer, naey were then washed 3 times m 1% BSA/HBSS and th 

dilution of Alexa568 tagged goat anti-rabbit antibody (Molecular Probes) for 30 minutes, 
cells were then washed3times in PBS and observed under epifluorescent microscopy. 

Experimental animals. 

Infection of 4 week old female Wistar rats with either RB50 
• , . ■w.H rAkerlev et al 1995; Cotter and Miller, 1997; Martinez de Tejada et 
0 previously described (Akerley et ai., iyy^> Qt^tictiral 
al .996) 1000 ofu of each sttain in a 5 volume was inoeulated mTa-nasally. S,a«s„cal 

of di.e«„ces in co— was .e— 
S..istieal signifioanee of ,he differences in survival Un>e was ^-^-^JJ^lZ 

ill fvnerimerts vrere in accordance with guidelines ana 
(Mantel-Cox) comparisons. All expenments w« 
15 protocols approved by UCLA Animal Research Conmiittee. 

;*«,yi..»o.a«;do««jo/ayscNAo«»to«»^/*-«B.bronchisep.ica 

The technique of DD-PCR was used with arbitrary primers to idenufy genes that are 
differentially expressed under Bvg^ or Bvg growth conditions in B. ,roncMsep,ica ,n v,^o. 
r;,A w. isolated f.om . s^ain KB50 grown 

20 (Bvg*, or modulating (Bvg) conditions and reverse-transcribed to cDNA. ^ cDNA^ 
we.^ sed as templates for PCK amplification using arbitrary primers rangmg ftom^ O ^ 3 
nucleotides in leitgOi. Several primers amplified distinct figments tiiat ^^^^^^^^ 
Bvg* phase. One of the primers. KB4, produced a 4S0 bp band ftom Bvg phase cDNA 
1 (Fig 1. ianes 1 and 2). TOs band was cloned. se,uenced and fou«. to coi^sp nd 
only (Hg. lan Rve-activated gene encoding.adenylate cyclase 

25 exactly to an internal sequence of cyaA, the Bvg activa g 

, • v« 1 moduced a 420 bp fragment specifically ftom 
toxinftemolysin. Another pnmer, ML2, produced a 4Z P » ,ha nredicted 

Bvg* phase, but not Bvg ph.e cDNA (Fig. 1. lanes 5 to 8). Tl-e DNA a^^ t pi.dic« 
ami acidsequenceoftMsftagmentshowedahigh degree of similan^to^e -^ 
ORF for the yscl^ gene flom Yersinia spp. (Bergman et al., 1994. Woestyn et al.. 1994> 
30 ZZ. gel plot is postulated to hydrolyze ATP to provide energy for secreuon of 
^;;„LoLrprotei„s)viathetype.nsecretionsystem. There has been no previou 
IZof typein secretion genesinB„r.-*W.The420bpKT.PCKfragmentwas used 
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to clone the complete ORF and flanking genes by plasmid rescue (described in 
Experimental procedures). The 420 bp fragment lies within an ORF encoding a predicted 
48 kD protein with a 64% amino acid identity to YscN from Yersinia (Fig. 2a). This B. 
bronchiseptica protein was designated BscN. 

5 BscN contains two conserved Walker Boxes (Walker et al., 1982), suggesting it can 

bind and hydrolyze ATP. Fourteen other ORFs flank bscN (Fig. 3). Thirteen of these ORFs 
show amino acid sequence similarities to proteins in Yersinia spp. which comprise part of 
the Ysc type III secretion apparatus (Allaoui et al., 1995; Bergman et al., 1994), and also the 
corresponding Psc homologues in Pseudomonas aeruginosa (Yahr et al., 1996). The homo- 

10 logous ORFs were designated in B. bronchiseptica as bscV, bcr3, bopN, bcrHl, bopD, 
bopB, bcrH2, bcr4, bscl, bscJ, bscK, bscL, bscN and bscO. The nucleotide sequence of a 
4.6 kb fragment containing some of these genes have been deposited in Genbank under the 
accession number AF049488 (incorporated herein by reference in their entirety). A 
13500bp sequence corresponding to the 15 ORF and flanking sequences is presented in 

15 figure 18. The organization of these ORFs suggests that they may be transcribed as an 
operon. 

BscN expression is positively regulated by BvgAS. 

Three assays were used to investigate the role of BvgAS in the control of bscN 
expression: RT-PCR, slot blot hybridizations of total RNA and lacZ transcriptional fiision 

20 analysis. Figure 4a shows results of RT-PCR using various primer pairs on genomic or 
cDNA templates prepared from RB50 grown under Bvg^ or Bvg phase conditions. Primers 
specific for the filamentous hemagglutinin (FHA) structural gene {fhaB), a Bvg"^ phase 
factor, gave rise to a PGR product of the correct size only from cDNA made from Bvg"^ 
phase RNA. Primers specific for flagellin (fhoA), a Bvg phase gene, gave rise to a PGR 

25 product only from cDNA made from Bvg" phase RNA. These controls confirmed that the 
RNAs from Bvg* and Bvg phase grown RB50 contain phase-specific transcripts. Mock 
reactions, which did not contain reverse transcriptase in the RT reactions, did not give rise 
to PGR products, confirming negligible genomic DNA contamination in the RNA 
preparations. The two pairs of primers specific for bscN (W1+W2, which amplify a 350 bp 
30 region in the 5' end; and W3+W4, which amplify a 420 bp region in the 3' end) generated 
products of the expected sizes only from cDNAs derived from Bvg"" phase RNA. cDNAs 
were also prepared from Bvg* and Bvg phase-locked derivatives of RB50, RB53 and 
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RB54, .spectively. Only .DHAs prepared fro. RB53 RNA generated PCR produCs 
U,e e pecrL si.s v.i* prin,ers specific for ,scN (Fig. 4.). RT-PCR wi«r prnners .pe^.^^ 
Z Z^scUKL loci produced Ure same result, showing *a. *ey .ere rranscnbed only » 

theBvg* phase. PCR a DNA probe specific tor 420 bp of the 3' end 

To confirm the results from RT-PCR, a UMAprooe t, , ^ , 

of ,scN was used to hybridize to total RNA on slot blots (Fig. 4c). The control probes for 
Iripts of (a Bvg^hase locus,, (a Bvg- phase loc.) .d .^^^^^^^^^^ 
,y Bvg) showed that the RNA preparations were quantitafvely loaded and B g ph^e 
s ecifil The probe for *sc« showed a much higher degree of hybHd.zat,on to th RKA 
rivedftomBvg-phasecompared.oBvg-phasegrownc„ln.s.Fi„ally.^^^^^^^^ 

containing a trauscriptional fusion of the .acZ gene integrated ,mo the 3 end of 
rlosla. ^scN locus was constructed. Beta-galactosidase assays of this stram grown 
":erBvg-a„dBvgphaseconditio„sduHnge.ponentialgrow.h.oweda.wenty-^^^^^^^ 

induction in Bvg* phase (P-galactosidase units of 362^5 in Bvg phase versus 1 3^ .m. 
in the Bvg- phase). ^scN expre^ion is tighUy regulated by the 6vg locus and ,t 

transcribed preferentially in the Bvg* phase. 

BscN is required for secretion of specific Bvi* phase polypeptides. 

2nce of a fimCional ,sc, abolishes type HI secretion. An in-f^ame deletton m 
a,e RB50 ,seN locus was constructed as described above. The resulting "^^^ 
, WD3 has a deletion that removes both Walker Boxes (s« Fig. 2a) and should render the 
Z' protein fimcionally inactive, based on data f.om similar mutations m Ke.™. W 

rCel et a, .994) WD3 shows a similar growth rate in Stainer-Scholte medtum 
(Woestyn et al., mv- 

compared to that of RB50 (doublmg time of 85 mmutes for WUJ 

RB50 at 37°C with aeration). 
5 TO detemtine if BscN is involved in protein secretion, in ««c.. th 

protein profile of culture supematants f^om RB50 and WD3 was compared. WD3 prcdu^d 
protemprom ku,„kr;o based on immunoblots and also showed the 

and secreted FHA at levels comparable to RB50 based on .mm „„. ..f^y 

same degree of hemolysis on BG blood agar, suggesting the sccreuon of FHA and AOH^Y 
were no noticeably affected by the ,se, mutafion. Total cellular protein preparattons fiom 
were not nouc ; <-,.„„ ™ PAGE based on Coomassie stammg 

30 RB50 and WD3 showed very stmtlar profiles on SDS-PAGEb^ 

and on immunoblots with post-infection sera against B. ,c . How^«^ 

comparison of Coomassie suuned proteins fiom supematants of .5 hour culmres of RB50 
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and WD3 grown under Bvg^ phase conditions revealed several polypeptides in the culture 
supematants from RB50 but not WD3 (Fig. 5, lane 1 and 2, open arrows). 

Immunoblot analysis of concentrated supernatant with sera from a rabbit, rat and 
mouse previously infected with RB50 also identified proteins secreted by RB50 but not by 

5 WD3 (Fig. 5, lanes 3 to 9, solid arrows). These proteins are secreted only in the Bvg"" phase 
as none of them were detected in the culture supernatant of a Bvg phase-locked strain, 
RB54 (lane 5). Interestingly, the most prominent bands observed on immunoblots did not 
correspond to the most significant bands detected by the Coomassie staining, with the 
exception of the 22kD band. Although the antisera were from different mammalian species, 

10 they all recognized the same proteins that were differentially secreted from RB50 and WD3. 
When antisera from animals infected with WD3 were used as probes, none of the 
differentially secreted proteins were detected (Fig. 5, lanes 10 to 13). This correlates with 
the observation that the proteins were secreted from RB50 and not WD3. These results 
indicate that the in-frame deletion in bscN leads to a significant decrease of a subset of Bvg"^ 

15 phase polypeptides in the culture supematants. Detection of these bscN-dependent secreted 
proteins by antisera from RB50 infected animals indicates that they are antigenic and 
expressed in vivo. 

At least 9 polypeptides are secreted by type III secretion apparatus in B. 
bronchiseptica. 

20 In-frame deletion of bscN leads to decreased cytotoxicity of B. bronchiseptica to 

mammalian cells in vitro. 

B. bronchiseptica adheres to a variety of mammalian cells in culture including L2 rat 
lung epithelial cells and J774 macrophage-like cells. In both cases, binding is Bvg^ phase 
dependent. After prolonged binding of RB50 to L2 cells (2 hours or more), it was observed 

25 that the L2 cells began to show signs of toxicity: the cytoplasm shrinks, cells round up and 
detach from the culture plates (Fig. 6c). The bscN deletion strain WD3, which in the Bvg^ 
phase bound to L2 cells with similar efficiency as RB50, did not lead to the same degree of 
observable toxicity to L2 cells over the same time period (Fig. 6f). A Bvg phased-lock 
strain which has been engineered to ectopically express FHA (sfrain FFl) but does not 

30 express other Bvg^ phase factors, could bind to L2 cells but did not elicit any signs of 
cytotoxicity for over 2 hours (Fig. 6d). Incubation of L2 cells with only the supernatant 
from cultures of RB50 did not appear to cause cytotoxic effects. 
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TO — *e oycoxicity of variou. s.ai„s of B. ,roncUisep,>ca .owds 
Tr ,774 and RAW the release of lactate dehydrogenase was measured 
macrophage cel. hn^ '™ ^^^J' ,^ ,^„«,.tc to these cells 

c*ft^>r 4 hour incubation With bacteria, wi^j wa^ & 

1 ^50 (Table 1). Therefore, cytotoxicity of B. ,ronc,.e,.>ca towards phagocyte and 
::Zlicn,aluance«s,„...depend.atleastpartia,ly.onafunc^^^ 

r«.0.;-B.bronchiseptic.6.r»o,,/.ebscN c^- O^^^^^^^ 

w/a«». *" ^""^ '° " , 

One of the Ycps secreted by the type III secretion system m Yersmia ,s p 
.as sc'l simllari; to nrannnalian protein-tyrosine phosphatases (PTP) ts^e^ 

^^^^^ 

proteins upon attachment, bacteria were bound to L2 cells t , ^^^hotyrosine. 

t H hv SDS-PAGE and probed with antibody specific for phosphotyrosm 
were separated by SDS PAOb an p .,,„,.i,ep/ica itself was recognized by 

5 Figure 7,lane 1 shows that only one protein f^orn " lated polypeptides from 
.He antibody while lane 2 shows a number of tyrosine ph ph^^l^ed p^ P 
• f .t.H T 2 cells Within one hour of binding to L2 cells, wild type Bvg P 
i:::^:::: aephosphory.atio„ of two or more high --r werght^.,^^^^^^^^ 

.om the U cells (lane 3, arrows, ^^^^^^s^XC^^ ^ 
,„ .esence of 1 .M vanada. (Jane 4, - ^ ^ ^ 

did not occur following the ^^^^^^ „ .ecre^ by 

Bvg- phase-locked strain expressing FHAadhes n( , 

iironcteepnca into host cells via the Bsc type 111 secretion y 
dephosphoylation of specific host proteins. 

,5 ^■^^^^^^^^'yP^'"--^''"''-'''"''^^^^^^ celis in culhire, 

Bvg+ phase B bronchueptica adhere to a variety of mammali 

■ u ,■ 1 r*lls and J774A.1 and RAW macrophage-like cells. 

30 of K135U to aiiu . , . I.- j„ +v,P relk bv virtue of an 

u u ^ Kv FFl a Bva- phase-locked strain that binds the cells by vinu 

rpict z:! - - - - — - " 
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on type III secretion, as WD3 induced less than 4% of the levels of cytotoxicity observed 
following incubation with RB50. 

The cytotoxicity resulting from the activity of the type III secretion system is 
correlated with apoptosis. Fluorescent TUNEL reagent was used to detect DNA fragmenta- 

5 tion, a characteristic of apoptotic cells (Fig. 15). At 30 min. post infection 30% of L2 cells 
and 60% of J774A.1 cells incubated with RB50 contained strongly labeled nuclei. In 
contrast, although L2 and J774A.1 cells incubated with WD3 had similar numbers of 
adherent bacteria, a negligible fraction of nuclei were stained in the TUNEL reaction. DNA 
fragmentation analysis showed similar results. Thus, wild type B. bronchiseptica can 

10 induce apoptosis in both phagocytic and non-phagocytic mammalian cells. A type III 
secretion effector or combination of effectors, is useful for inducing apoptosis in mucosal 
epithelial and immune cells. 

B. bronchiseptica type III secretion system dependent NF-kB sequestration. 

NF-kB is a eukaryotic transcription factor that plays a central role in mediating gene 

15 expression induced by pathogens and other noxious stimuli. NF-kB is activated when it is 
released from I-kB, an inhibitory subunit which masks NF-kB's nuclear localization signals. 
Upon translocation from the cytoplasm to the nucleus, NF-kB fimctions as a transcriptional 
activator for a variety of genes including those encoding inflammatory cytokines such as IL- 
6, lL-8, TNFa and GM-CSF. NF-kB has also been shown to play a role in preventing 

20 apoptosis, most likely by inducing the expression of "anti-apoptotic genes." 

Our experiments using an anti- NF-kB antibody and immunofluorescence 
microscopy showed that type III secreted effector factors alter M^-kB activity. (Fig. 17.) In 
uninfected L2 cells, NF-kB staining was diffuse and evenly spread throughout the 
cytoplasm. Stimulation by TNFa resulted in intense nuclear staining, indicative of NF-kB 

25 translocation into the nucleus. In contrast, in cells infected with RB50, anti- NF-kB staining 
was concentrated in discrete cytoplasmic foci, suggesting NF-kB was localized in the 
cytoplasm in large complexes of unknown composition. 

The pattem of NF-kB staining in WD3 infected cells was the same as in uninfected 
cells, i.e. diffusely localized throughout the cytoplasm, indicating that the aberrant localiza- 

30 tion of NF-kB seen in RB50 infected cells requires Bsc type III secretion. Furthermore, 
RB50, but not WD3, inhibits TNFa-mediated translocation of NF-kB to the nucleus. 
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r i^^rr farm tracheal colonization in rats, 

Todetemmeif WD3 iscapaoBoi „. s „i dronlet into groups 

, , w -.w-r RR50 or WD3 were inoculated intianasally m a 5 nl droplet m g f 
units (cfu) of etther RB50 WD ^^^^ 

of Wistar rats (fe^le, 4 weei. old,. ^^^^^^^ 35 days of 

ftem the nasal septun, and trachea of "^"^^ ^^^^ ei«>er 

infection, sin.ilarnun,h=rswererc<.vered ro™th^^ ^^^^ 

strain. W3, however, was not found m the ttachea ^ 
, infected with KB50 had >.oWn,eter haCeHa --ed^ ^ „ ^ 

- FiS. na and h for other ntutants ^J^^^^^^:::^^, JLn or in 
specificMly defective in perststencc .n „f the 

colont^tion of - ^^^hea is usually sterile, whereas the 

infecUon phenoty^ ntay .la,. » ^ ^ 
5 nasal cavity is teaming with bactena. bscN P i„,„^tect. 
.oevadeinducibleinununeresponsesthatnorrnaHyprotetthe™ 

„tion of lung .ssue f.m •--^^^Xl a ntodest degree of 
cfu of wild type B. *™„c«.ep»ca delivered ,n a 50 .1 * ^ 

inf.antn.aUon. o'-^— -"'"ZnTlEL reagent. ,„ 
. • j;,,.,H hv strouB nuclear staining with the fluorescent 
20 apoptosis as indicated by strong ^ ^^^^ „f 

contrast, lungs from mice infected with WD3 s ^ reagent. Fig. 16. 

inflammation and very fewof the cells stained postnvely with the TUNEL g 
Co.p.W.»o/bscN.p.«.o»-B— 

t tc^'XIln of genomic OKA and cI,KA from die 
25 (W3+W4) were used for PGR ampim 

• . • . of Were//a- B pertussin strains Tohama 1, 18323, UMi i an 
following strains of Bordeteiia. i>. p , , , • „ :,^i^te^ All of the strains tested 

,.....s.rainsM..urn.i.^^^^^^ 

oontained the genom. se,u.. .r . s^^^^ ^^^^ ^^^^ ^ ^ 
band from genomic DNA (Ft . 9> P ^ ^^^^ 

30 strain 18323 and the ovme isolate of & pwapertms p ^ 
..sgene.Averywe.signalwasde»^fro»^^^^^^^^^ 
and GMT 1 did not produce any detectable RT PCK P 



SUBSTITUTE SHEET (RULE 26) 



wo 99/59630 PCT/US99/10690 

39 

sequences in the bscJ, bscK and bscL loci also gave the same results (i.e. fragments of the 
expected size from genomic DNA but no products from cDNA). Controls using primers 
specific for JhaB showed that the cDNA preparations were Bvg"^ phase specific. These 
results indicate that type III secretion genes are present in all the tested Bordetella strains. 
5 However, under the in vitro conditions used to grow the bacteria for RNA isolation, B. 
bronchiseptica strain RB50, B. pertussis strain 18323 and ovine B. parapertussis strain HI 
showed significant transcription of bscN detectable by RT-PCR, while the other B. pertussis 
strains and the human B, parapertussis isolate did not. 

Generation of genetically engineered, heterologous antigen producing Bordetella. 

10 DNA encoding the heterologous Pasteurella multocida antigen, is subcloned 

between two flanking sequences of Bordetella DNA. The flanking sequences are preferably 
about 500 bps. If the a fusion protein is desired, the flanking sequences are part of the open 
reading frame in which the antigen will be fiised to such that all the sequences are in the 
same reading frame. The construct is then cloned into a suitable suicide vector, having a 

15 selectable marker (antibiotic resistance, for example) and a coimter-selectable marker 
(sucrose sensitivity, for example). pEGBR, for example, may be used. The vector is then 
transformed into suitable bacteria, E. coli strain SMIO, for example. The allelic exchange 
vector is then transferred into Bordetella by conjugation. Bordetella that has received the 
plasmid and integrated it into the genome at the specific site (determined by the flanking 

20 sequences) can be selected by antibiotic resistance encoded by the suicide plasmid. This 
strain of Bordetella is then counter-selected with sucrose to select clones that have 
undergone a second recombination event to remove the integrated plasmid. Colonies that 
have the desired antigen DNA sequence integrated into their genome can be identified by 
PGR with specific primers, southern hybridization or immunoblots with antibodies specific 

25 for the antigen, or the like. 

For example, an allelic exchange vector with the open reading frame for the desired 
gene may be inserted in the SnaBl site between the end of the B. bronchiseptica flaA 
coding region and immediately upstream of the transcription stop site. This construct does 
not disrupt expression of flaA and does not affect expression of downstream genes. Other 

30 constructs using other genes may also be used. 
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(RB50) or ti,e *.c^ mutant (WD3). 35 days .ate,, .tae. ta.. 
5 „e,e sacrificed and co.oniza.ion levels in d,e nasal cavities and .acheas «ere d— 
AS expected. RB50 was recovered a. about lo' cfu from each nasal septum and about 10 
cfu per en. trachea, while WD3 was also recovered at about 1 o' cfi. per nasal septum but no 
WD3 bacteria were recovered from the tracheas. The remaining five rats were cha^leng^ 
^ 10' cfu of RB50G delivered in a 50,1 volume. (RB50G is a derivative of RB50 
,0 containing a Om resistance gene immediately 3' to the ^ gene. This J 
indistinguishable from RB50 in its ability to establish persistent mfecuons m rats and mt e). 
A 50.1 volume was used for the chaUenge so Utat bacteria are delivered to the ent,. 
respiratory tract (i.e. the nasal cavity, the trachea and the lungs). Seven days later, flte rats 
weL sacrificed and the number of Om' and Gm' bact^ia recovered from the nasa, sept^ 
,S larymctracheaandlungsdetenniued. Por rats iniUally infected with RB50 of the 5^ 
colined low numbers (about ,0^, of Cm' bacteria intheir nasal caviues and trac eas wh. 
„o Gm' bacteria were recovered from any site in the remaining 3 rats. For antmals .mt* 
infected with WD3. no Gm' bacteria we. r^overed from any site in the ««« 
from any animal. The „um^ of Gm' bacteria (RB50 and WB3) recovered from e.h ^ 
20 was similar to those rats sacrificed before challenge. The attenuated stram. WD3. w^ 
ZreforesuperiortowildtypeB..— .„initsabili.ytoinduceprotect,ve,mmun,ty 

against wild type B. bronchiseptica. 
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Claims 

1 A genetically engineered type III secretion system Bordetella mutant. 

2 The type III secretion system mutant of claim 1 comprising a mutation in a 
gene encoding a protein or polypeptide selected from the group consisting of core 

5 component, effector, accessory factor and combinations thereof. 

3 The type III secretion system mutant of claim 2, the mutation being present 
in Bordetella selected from the group consisting of B. pertussis, B. bronchiseptica and B 
parapertussis. 

4. -me type III secretion system mutant of claim 3, the mutation being present 

10 in 5. bronchiseptica. 

5 nie type III secretion system mutant of elaim 2. the mutation being pre^nt 
in gene encoding a protein or polypeptide selected ftom the group consisting of bscV. bcr3 
bopN, bsp22, bcrHl, bopD. bopB, bcrH2, bcr4, bscl, bscJ, bscK, bscL, bscN. bscO and 

combinations thereof. 

15 6. The type III secretion system mutant of claim 5, the mutation being present 

in the gene encoding bscN. 

7. The type III secretion system mutant of claim 5, the mutation being present 

in the gene encoding bsp22. 

8. The type III secretion system mutant of claim 1, the mutation compnsmg the 

20 deletion of a type III secretion system protein locus. 

9. The type III secretion system mutant of claim 1, the mutation compnsmg an 
in frame codon deletion of a type III secretion system protein locus. 

10. The type III secretion system mutant of claim 1, the mutation compnsmg a 
codon substitution of a type III secretion system protein locus. 

25 - 11. A live, attenuated vaccine component against Bordetella compnsmg a type 

III secretion system mutant of claim 1 . 

12 The live, attenuated vaccine component against Bordetella of claim 11 
comprising a mutation in a gene encoding a protein or polypeptide selected ftom the gtoup 
consisting of cote component, effector, accessory factor and combinations thereof 
30 13 The live, attenuated vaccine component against Bord.<e«aofcla.m 11. the 

mutation being present in a BcrdeuUa selected from the group consisting of S. pern^A B. 
bronchiseptica and B. parapertussis. 
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14. The live, attenuated vaccine component against Bordetella of claim 13, the 
mutation being present in B, bronchiseptica. 

15. The live, attenuated vaccine component against Bordetella of claim 12, the 
mutation being present in gene encoding a protein or polypeptide selected from the group 

5 consisting of bscV, bcr3, bopN, bsp22, bcrHl, bopD, bopB, bcrH2, bcr4, bscl, bscJ, bscK, 
bscL, bscN, bscO and combinations thereof. 

16. The live, attenuated vaccine component against Bordetella of claim 15, the 
mutation being present in the gene encoding bscN. 

17. The live, attenuated vaccine component against Bordetella of claim 15, the 
1 0 mutation being present in the gene encoding bsp22. 

18. The live, attenuated vaccine component against Bordetella of claim 11, the 
mutation comprising the deletion of a type III secretion system protein locus. 

19. The live, attenuated vaccine component against Bordetella of claim 11, the 
mutation comprising an in frame codon deletion of a type III secretion system protein locus. 

15 20. The live, attenuated vaccine component against Bordetella of claim 11, the 

mutation comprising a codon substitution of a type III secretion system protein locus. 

21 . A purified nucleic acid comprising a sequence encoding a Bordetella type III 
secretion system component. 

22. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 1 . 
20 23. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 2. 

24. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 3. 

25. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 4. 

26. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 5. 

27. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 6. 
25 28. The purified nucleic acid of claim 21 , the sequence comprising Seq. ID 7. 

29. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 8. 

30. The purified nucleic acid of claim 2 1 , the sequence comprising Seq. ID 9. 

3 1 . The purified nucleic acid of claim 2 1 , the sequence comprising Seq. ID 1 0. 

32. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 1 1. 
30 33. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 12. 

34. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 13. 

35. The purified nucleic acid of claim 21 , the sequence comprising Seq. ID 14. 
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36. The purified nucleic acid of claim 21, the sequence comprising Seq. ID 15. 

37 The purified nucleic acid of claim 21, the sequence comprising Seq. ID 16. 

38 The purified nucleic acid of claim 21, the sequence being selected firom the 
group consisting of Seq. ID 1, Seq. ID 2, Seq. ID 3, Seq. ID 4, Seq. ID 5, Seq. ID 6, Seq. ID 

5 7, Seq. ID 8, Seq. ID 9, Seq. ID 10, Seq. ID 11, Seq! ID 12, Seq. ID 13, Seq. ID 14, Seq. ID 
15 and Seq. ID 16. 

39 An isolated and purified polypeptide encoded by a nucleic acid sequence 
selected from fhc group consisting of Seq. ID 2, Seq. ID 3, Seq. ID 4, Seq. ID 5, Seq. ID 6. 
Seq. ID 7, seq. ID 8. Seq. ID 9, Seq. ID 10, Seq. ID 1 1, Seq. ID 12, Seq. ID 13, Seq. ID 14, 

10 Seq. ID 15 and Seq. ID 16. 

40. A live mucosal antigen-delivery vector comprising a genetically engmeered 

Bordetella expressing a heterologous antigen. 

41. The live mucosal antigen-delivery vector of claim 40, wherem the 

heterologous antigen comprises a protective epitope. 
,5 42 The live mucosal antigen-delivery vector of claim 40 wherem the 

heterologous »tigen is derived from an agent selected fiom the group consistmg of 
Upto^ira caricola. L grippoW^osa. I. W;o, L. icerokaemorrha^. L. pomona. L. 
interrogans. L braUslca, canine distemper virus, canine adenovin^s type 2. camne 
parainfluenza virus, camne parvovirus, rabies, herpes viruses, HIV, SW, ErysipelcHn. 
20 rhusiopatHiae. Pas,eureU P. m^UocUa. Ascaris. OesopHagostonn^, pseudorabtes v^s 
porcine parvovirus, pathogenic E. coU. including E. coH having K88, K99. 987P. and/or F41 
adherence facters, ClosMiun, spp.. including C/. perfi-lngens, and Ci perfringens We C 
be^ toxoid, Salmomlla. Vibrio, Mycoplasma. Acinobacillus pleuropmumomae. 
HaentophUus, rotavirus, transmissible gas.«>enteritis virus, Strepiococa. sobrlnus. S. 

25 mutans, and Bordetella virulence factors. 

43. The live mucosal antigen-delivery vector of claim 42 wherem the 

heterologous antigen is Pasteurella multocida. 

44. The live mucosal antigen-delivery vector of claim 40 wherein the genetically 
engineered Bordetella further comprises a type III secretion system mutant. 

30 45. The live mucosal antigen-delivery vector of claim 44 wherien the genetically 

engineered Bordetella is Bordetella bronchiseptica. 

46. A vaccine comprising the live mucosal antigen-delivery vector of claim 40. 
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47. A method for vaccinating an animal susceptible to infection by wild type 
Bordetella bronchiseptica comprising administering an effective amount of a genetically 
engineered Bordetella bronchiseptica comprising a type III secretion system mutant. 

48. A method for vaccinating an animal susceptible to infection by an agent 
5 comprising administering an effective amount of a Bordetella genetically engineered to 

express an antigen of the agent. 

49. A method for cloning a DNA molecule having a sequence encoding a protein 
or polypeptide secreted by a Bordetella type III secretion system comprising isolating and 
characterizing a protein or polypeptide secreted into the medium by wild type Bordetella 

1 0 but not by a Bordetella type III secretion mutant. 

50. The method of claim 49 wherein the method is selected from the group 
consisting of: 

a) 1) culturing a Bordetella type III secretion mutant which does not 
secrete type III secretion factors; 

15 2) isolating the supernatant of the mutant culture; 

3) precipitating and separating the proteins in the supernatant; 

4) performing steps 1-3 with a culture of wild type Bordetella; 

5) isolating polypeptides present in the wild type but absent from the 

mutant culture supernatant; 
20 6) determining the amino-terminal sequences of the isolated 

polypeptide; 

7) isolating a DNA sequence comprising codons encoding the 
determined amino-terminal sequence; and 

b) 1) immunizing a first species with a supernatant from wild type 

25 Bordetella culture; 

2) immunizing a second species with a supernatant from a Bordetella 
type III secretion mutant which does not secrete type III secretion proteins or polypeptides; 

3) expression screening filters comprising a Bordetella expression 
library by first blocking the filters vAth a solution comprising the serum from species B, 

30 then hybridizing the filters v^th a solution comprising the serum of species A; 

4) incubating the filters v^th a solution comprising labeled antibody 
specific for species A antibodies; 
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5) isolating a characterizing the clones obtained. 

51. A DNA molecule encoding a protein or polypeptide secreted by a Bordetella 
type III secretion system obtained by the method of claim 49. 

52. A DNA molecule encoding a protein or polypeptide secreted by a Bordetella 
5 type III secretion system obtained by the method of claim 50. 
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FIG. 4A. 
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FIG. 4C. 
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FIG. 5. 
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FIG. 6D. 
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FIG. 7. 
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AAATAACTGCCGGCGGCGGTCTGCCGGATGGCGGCGCGCAC^^ 

CACGGCATCGTCGCGCAACATCCCCTGCGCCAC^^^^ 
CGGTGAAGCGCAACTGGATGCCGGGAAATGGCACGCCCAAGTC™ 

GTGAGGGTGGCCGGCTCGAACCGGGGCTGCAGC^^^^ 
CTGTCCATCCGCCGGCGCGCGGGTGCGGGGCAGGCCOT 

CCGGGATCTGCGCGATGAGCCCGTCGCCTATGGTC^^^ 
TGCAGCACGCCGACCAGCATGCCGCCAAGCAGGTTG^^^^ 
CTTCATCGCGCCGTCCATGGCGCCATACAGTTCGC^^^ 
CTATGGTGCCCGCGCGCAAGTCCGCGTCGATGGACAT^^ 

AGGTACATCGCGACCATCAGCAGGACCGCGGACAGCGTCAT^^ 

GCATCGGGTGTGGCGCGCAGCGCGCGCTTOTCCAGCGTGAC^ 
CGCCAGGGCCAGCAGGGAGCGGCTGTCGATCGCGTCCAGGGCATCC^^^ 



GGCGCTGCAACTGGTATTGGTGCGCAA;,eAKiiu^o»««----— 
ATCATCCCTGGTAGAGCGCGCTGCGATACATGGCA^^^^ 
CGGCTCAAGGCCGGCGCGGTGTTGCCGGCGTGCAGTTCCATGGCCCGG^ 



^AiTGCTGCGCAAGCAATTCCAGAAGT^^^^ 

CCCGGGA 

GGCGCTGGACATGGCGTCACGCCTCCAGGCGGTCGAGCCAGCT^^ 

TCGAGCGAGCGTTCGGGCAGTCGTGTCTGCGCGACGATCC^^^ 

TCGGGGCGCCGCGGCGCTGTCCATGGGCCCGTITCCATC^^^ 

GCCAGGTGGACCAGGGCCGCGCCGGCGACACATTCGACGCCCAGGC^^^ 

GGACGGCCCGAATGCCAGGCCCTCGATGCCGATATCCTGGCCGAACTGA^^^ 

CTCCATTGCTATCGCGTTGTCCAGCGCATCC^^^ 
GCGTGGGCAGGTCTTTGAGAATCTGGCGTACGCCGCCGAGGAATG^ 

TCTGCCAGCTTCTCGAAGCGCGCGGGCGCAATCCAT^^ 

GTCCGCACACTCCTGCGAGCCTGCGOTGCCCAGCCGTTGTT^^ 

CGACTTGATAGAGATCGCTCGCCAACACTTGCAGCCTG^^^ 

GTGACCTTGCGTTCGGAGTGATGCTTTTCCTCGGCAGCCTCCGC^^^^ 

CGATATGCCGGTGGGCGCCGGTCCGATGCGCT^^^ 
CCTGCATGGCGGCGTGGAAGGGATTGGGGGCGGCMCGATACGAGTC^^ 

ACTGGTGCAGTGAGTGTCGCGCGCGCGGCCATGGTTCCCGGAAAC^^^ 

GCCGCGGGCGCAGGGTTACTCAGCATGCGTCTTTCA^^^ 
CGTCGCAGGCCGGCGGCCTGCAAGGCS^TCGACCTCAAGAGCATC^ 
CGCGCCGAACTCCTCACGGCTCAAATCCAGACCCAGGC^ 
CGAGGTCCTGTCCGCGCTGTCCCGGGCC^g^^ 

?§SaS?J?SccgS?SSS^^ 
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CTATAAGGAACTCGAAAGTGCCTACACCACCGTAAAGGGGATGCTGGATACGGCGTCCAATACGCAACAGATGGACATGA 

TCAGGCTGCAGGCCGCCAGCAACAAGCGCAACGAGGCTTTCGAGGTCATGACCAACACCGAGAAGCGGCGCAGCGAGCTG 

AACAGTTCCATCACCAACAACATGCGCTAAGCGCTGCACAAAGGGGTATTCCATGCAGGAGCAAGACATCCAATCCATCA 

TGCGTGCCGCGGAAGAGCTGGTCGAGCAGACCCGCAAGGCGTTGTGCAGCGTCGACGAGATCTACGCCCACGTTGGCGTC 

GACCCCGCCCGCCTGCGCAACCTGGCGGTCGAGCAGGCAAGGATAGAGGCCGAGGCCCAGGCGGCGTTCCGTGATGACCT 

CGCGGACATCGAGCGCGAGGCGGCGCGCGTCAAGGCGGCCAGCACCGATGCGCCGCAGGCCCGCAGGGTGCTTCACAACC 

ACGTCTGAGCGCGGAGGCCTTCCATGCCAAAGTCAGCCGA6CAGGGCGGCTCCCCGGCGTCAGCTTCGCATGAGGCGTTG 

CGCCATATTCTTGACGCAGGCGCTTCGATGGGCAGCTTGCAGGGGTTGGACGAGGTGCAACAGCAGGCGTTGTACGCGAT 

CGCTCATGGCGCCTACGAACAGGGCCGCTATGCCGACGCGTTGAAAATGTTCTGCCTGCTGGTCGCGTGCGATCCGCTGG 

AAGCCCGTTATCTGCTGGCCCTGGGCGCCGCGGCCCAGGAGCTGGGGCTGTACGAGCATGCCTTGCAGCAATACGCGGCC 

GCGGCGGCTTTGCAAGTTGGATTCCCCCCAGGCCCCTGTTGCATGGCGCCGAGTGCCTGTATGCGTTGGTTCGTCGCCGC 

GACGCCCTGGATACGTTCGACATGGTGCTTGAGTTGTGCGGGTCGCCGGAGCATGCGGCCCTGCGCGAACGGGCCGAGTC 

GCTGCGCAGGAGCTATGCACGTGCCGACTGAAACGGCGCCATGTCCGCCGTCAAGATTTCAATTCGAGGAGGTTAGATAT 

GTCTGTTTCTCCGACTTCGCCCGGCTCTTTCGGGGCCGGCCCTGTGTTTGACTCCGAATTGCAGGCCCCGGCCCCGTCGG 

CGCAGCGTCGCGGCGGTGCGGCGCCTGTGCCGCCGCCCGTCGATCGGCGCGGAGTCGAGCCGGGAGATCCCACGCTGGGC 

ATGCTGCCCGCGCCCGATTTGCTCGCGGGGGGCGCCGTCAGCCGCACCCGCGCGGCGCTCGACGATCTGGACGCAGCACG 

GCTCGGTGAAGACATCTACACCTTGATGGCGGTGTTGCAACAGGCCAGTCAACAGATGCGGGAGGCCGCCCGTATCGCTC 

GTGATGCCGAGGCCACGCGGCAAACGCAGGCTATCGGCGATGCGGCCAGCCAGATGCGCCAGGCGGCCAACGAGCGCATG 

GCCGGAGCGATCGTGGCGGGCGCCATGCAGATAGCGGGTGGTTTCGTGCAGCTGGGGGCGGGCCTGGCAGCGGGTTTGCA 

GGCGATGGGTGGCGCAGCTGCGCAAGCCAAGGGCGCCGCATTTTCCGAGCAGGCCTCGACAAGCCGCAAGGTGGCGGCCG 

GCTTGCACGATGCCCCCGAGCTGCAGGCAACGGTGCAGGCCCGCGCAACCCAGCTCGAAGCGCAAGCGGCTTCGTTTGGT 

GCTGACGCGGCTCGTTCGTCGGCAAAGTCGCAGCGCGTATCGAGCGTTGCCCAGGCCGGCGCCGCGACGGCCGGCGGTAT 

CGGCGGCCTGACCAGCGCCGCCCAGGAACGCCGCGCCGCCGAGCACGAGGCCAGGCGCGCGGAGCTGGACGTCGAAGCGA 

AGGTGCATGAAACGGCCTCGCGGCGGGCCGACGAAGCCATGCAGCAGATGCTCGACATCATCCGCGGCATCAGGGAAAAG 

CTGGCCGGGATGGAGCAGTCCCGCAGCGAGACCGCCCGTAGCGTGGCCCGCAATATCTGAGTGTCCGGCTCCAACCTTCA 

ATCTTGAGGATGACCGTCATGAGTACGACCATATCCACAGCCCCGAGCGGCGCCGCGCTTGCGCCGTCTCGCATAGATAT 

GCGGGCACCGGAGCCCGGGAGTGCCGGCGAAGGCGCCGGCATCCTGGCGCCGGTGACGACGCTGGCTCTGGCGGCGGGCC 

GGCCGGCTTTTCCAGCGTCACCGTCGCTGCGCACCGCGCCCGTCCTGGATCCGCCAGTGCGCGATCTCAGCCCCGCCGAC 

TTGGCCGACCTGCTGCGCGTCTTGCGATCCAGGGCGGTGGACGGGCAGTTGGCCACGGCGCGCGAGAACCTGCAGGACGC 

GCAAGTCAAGGCGAAGCAGAACACCCAGGCCCAGCTCGACAAGCTGGACGCATGGTTTCGGAAGGCCGAAGAGGCCGAGA 

GCAAGGGATGGCTGAGCAAGGTGTTCGGCTGGATCGGCAAGGTGCTGGCGGTCGTGGCATCGGCCCTGGCGGTGGGCTTT 

GCCGCCGTCGCCAGCGTGGCCACCGGCGCGGCGGCCACACCCATGCTGCTGCTCAGCGGCATGGCACTGGTCAGCGCCGT 

GACATCGCTGGCCGACCAGATATCGCAAGAAGCGGGAGGCCCGCCTATCAGCCTGGGCGGGTTTCTCTCCGGGCTGGCCG 

GACGTCTGCTGACAGCGTTGGGGGTGGATCAGTCGCAGGCCGACCAAATTGCCAAGATCGTCGCCGGCCTGGCCGTGCCC 

GTCGTCTTGCTGATCGAACCCCAGATGCTGGGCGAAATGGCGCAAGGCGTGGCCAGGCTGGCTGGCGCCAGCGATGCCAC 

CGCGGGGTACATAGCCATGGCGATGTCCATCGTGGCGGCGATCGCGGTCGCCGCGATCAATGCCGCCGGTACAGCCGGCG 

CGGGTAGCGCTTCGGCGATCAAGGGGGCCTGGGATCGGGCCGCCGCGGTAGCCACCCAGGTCCTTCAAGGGGGTACGGCA 

GTGGCGCAAGGCGGCGTCGGCGTGTCGATGGCAGTCGATCGCAAACAGGCCGATTTCTTGCTCGCCGACAAGGCGGATCT 

GGCGGCGAGCCTGACAAAACTGCGGGCGGCCATGGAGCGTGAGGCGGACGATATCAAGAAGATCCTGGCTCAATTCGACG 

AGGCCTATCACATGATCGCGAAGATGATCAGCGATATGGCGAGTACGCACAGCCAGGTCAGCGCCAACCTCGGGCGGCGC 

CAGGCGGTGTAGCGCCGGGCGCTCAAGGAATTTTCATGACTGTTCACGACGACGCGGCCGCGGCGCTGCGCGCCCGGCTG 

GATGCGCTGCCGGGCAGCCGGCGCCTGACGGCCGAGCAATTGGAAGTGATTTACGCGATGGCGTATGCGCACGTCGCCAG 

GTGCGAGTACGGCAAGGCGCTGCCCATCTTCGCCTTCCTCGCGCAGTATGGTCCCACGCGCAAGCATTACTGGGCCGGGC 

TGGCGCTATGCCTGCAGAAGACCGACCGTCCCGACGAGGCGCGCAATATCTATGCGTTGATCCTCACGTTCTATCCCGAT 

TCCGCGGACGCCGTGTTGCGCACGGCCGAATGCGAGCTGGCGTTGGGTGAGAACGAACGGGCACAGGCGGCCCTGTTCGG 

CGCAATTGCCATCGATGCAGAAAGTGGGCAGCCAGGTCCGGTCTCGCACCGTGCGCGCGCTTTGCTCGATCTTATTTCAG 

TTTCACATCCGGAGTAACTCCATGCATTCAGACTCAGGTTCAGATTCAGGCTCAGACTCAGGCTCAGGCTCACCCATGGC 

CTCGTCGATACATCCATCGGAACCGATACAGCCGATGGAGCATGTGCTCGAGGAGGCCGACGCCCGCCTGCTTACCGAAG 

TGGGCTTTCTGGCGGCGGCCGTCAGCGATCTGACGCGCGCGGACGCCATTTTCAATGCATTGCAACGTGTACGGCCGGGC 

CGGACGTATCCCTGCATCGGCCTGGCGGTCGCCCGCATGAACGCCGGGCTGCCCGACGAAGCCGCCGAGATCCTGGCGAA 

TTTCCAGCCGGCACAGGCGGAGGACCGCTCGGAACTGGACGCCTGGTGCGGGTTCGCCCTGTTGCTGGCCGGCCGCTCGG 

ACGAGGCGCGCCGCATGCTGCAGCGAGCCATCGATGCGGGTGGCGAGGCGGCAAGGCTGGCGCAGGTCGTGTTGGACAGC 

GGACCCGCCATGATGCGGCCCGCGCCGTTGCAGTCCGAGCCATTACCTGGAGCTCCTGGATGAATTTGGATCTGACGGCG 

ATCAACGCCGTGCAGGAACGGCTGCTCGCTCGATCGTTCGACATGCCGCGGTCTCCCGCGATGGCGGATCAGGCGCGCTT 

TGAGTTGGCGCTGGGCGAGATGCCCGGCGCATCGGCCCCGAACGGGGCGATCGCCCCGGCACCGGCCGAAGGCCCGGCGG 

CGCCGGTCGCGCTCGGCGAGCCGCTGGGCCGCCGCATTCTTGGACAGTTGCGCGGCGGCCTGGCCGATGTGGCAGGAAAA 

TGGCGGGCGGTGCAGACGGGCTTGGCCGAGGTGAGCCAGGCGCCTACCGTGGTGGGTATGCTCGATCTGCAGGCCAGGTT 

GCTACAGGCATCCGTGGAGTACGAGTTGGTGGGCAAGGCAATAGGGCGCGCCACCCATAACGTCTACACGCTGGCGAGAA 

TGTCATGAACGCCATCGGGGCGATCCAACGGTATCGGCGCGGCGCGGGATGGGCGGCCCTGGCGCTCGCCCTGGCGCTGC 

TGGCCGGCTGCGGCGCCCGCGTCGAGCTGTTGGGCGCGGCGCCCGAGAACGAAGCCAACGAAGTATTGGCGGCGCTGCTC 

GAGGCAGGCATCGCTGCGCAGAAGCAGTCCGGCAAGGCCGGCTACGCGGTTTCGGTGCCGGCCGAGGCGGTGGCCCGGTC 

GCTGGAGATCCTGCGCGCAAGCGGCCTGCCCCGCGAGCAGTTCGACGGAATGGGGCGCATATTCCGCAAGGAAGGCCTGG 
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GGCGTGCTCAGCGCCCGCGTGCACGTGGTGCTTCCCGAGCGCGGCG^^^ 
GGTGTTTCTCAAGTACCGCGACGGACAGAGCCTC^^^^ 
CGGGCCTGGCCGAGGACCGTGTATCGGTTGCC^^^^ 
CGCCGCGTGCTTGGCGTACAAGTCGCGGACGG^^^ 

CCTGATAGTGGCGGGGGCCACGCTCTACGCCTGGCGCACGCGC^^i^^^^^^^^^^^^^^^^^^^ 
GCGCCACGGAAGGAGCCGGGCATGACTGAGAAGAGCGTGCTCCTTTCCG^^^ 

CCTGACCCTGCATGCCAGTCGCCACGACGAG^^^^ 
TGGCCAACGCATGGCATCGCCATTGGTCGCGCTGGATCTTC^^ 

GATCCGCCGCAGTTGAAGGTCGCGCTATTGT^^^^ 

CGCGCCGCGCCTGCGACGCGCGATAGACGGCGCTGAGGTC^OiJ^^^^^^^^^^^^^^^ ^^^^ 
TCGCCGTGTCTTCCGCGGCGCGGGCCCTGCATGACGGGATCGCCGCCAG^^^ 
GCGGCGCAGAAACTGGGCTGGGCCGTGCTGCGCGACGCCGTGCAGG^^^ 
GAAGTTGCCGCGCGACCTTGATCCCGCGCCCGTCCT^^^^ 

SfGfc?=^^^ 

=fcfG=A?S==^ 
GCTGCTGGCGGCCTATCCGGGCGTGGGCTACCTCGACCTG^^ 

CATCGGCGACATGTACGGGATTTCCTCGGCGACCGAGG^TAC^^^^ 
GCTTGCTGGGACGCGTGCTGGACGGGCTGGGACGTCCG^^^ 
TATCCGGTCTTCGCCGATGCGCCGGATCCGCTCACGCGTCGCA^^^ 
GGACGGTTTGCTTACATGCGGGGAAGGCCAGCGTCTG^^^ 

GCATGCTGGTCAAGGGCGCCGCGGTCGACGTGA^^^ 
CTTGAGCACGAACTCGGTCCGGAGGGCAGACGCAAGAGCOTGAT^^^ 
TGCCAAGGCGGCATACGTCGCAACCGCCATCGCCGAJ^TACTTCCGCG^^^ 



js^^rcrGc;?;sr^^^^^^ 

TCGGTGTTCGCCACCCTGCCAAAACTGATGGAGCGCGCCGGCATGAACCA^^ 

GCTGGTCGAGGGGGACGACATGAACGAACCGGTGGC^^^^ 
GCAAGCTGGGAGCGGCGAATCACTATCCTGCCGTCGACGTCCTGGCCTCA^^ 

CCACGTCACAAGTACCTGGCCGGACGTATGCGCGAACTGATGG^^ 

CGAGTACAAGCAGGGCGCCGATGCGTCGACCGATGAGGCGATA^^^ 

TAACCGACGAACGCGAAGCATTCGAGGATACCGTACTGCGCATCGCTGAAM 

AAAGCCTGCTTGCCATCAAGCATTTTCGCGCCGACCAAGCCCAGCTTGCGCTG^^ 

GCTGCCGCGGCGCAGCGCCAGGCGCAAGGCCGCCTCGACAATTGTC^^^ 

SaSSSSSSSSSSattcaggaagccatcgaattgt^^ 
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BSCV 

ATGACGAGCAAGAAATCCATTCTCCGCCTGCAACGCGCGGTGGCGCTGGCCACCAGCCGCAACGACATCGTACTGGCCGT 
GCTCATCGTGGCGATCGTCTTCATGATGATCCTGCCGTTGCCCAACCCGACGCTGGTCGACGTGCTGATCGGTGCGAACA 
TGACGCTGTCCGCGGTCCTGCTGATGGTCGCGATGTACCTGCCTTCGCCCCTGGCGTTTTCCTCGTTCCCTTCGGTCCTG 
CTGGTCACCACGCTGTTCCGGCTGGGCATCTCCATCGCGACCACGCGGCTGATCCTGCTGCAAGGCGATGCCGGCCACAT 
CATCGAGACCTTCGGCAACTTCGTGGTGGGCGGCAACCTGATCGTCGGCCTGGTGGTTTTCCTCATCCTCACGATCGTGC 
AGTTCGTGGTCATCACCAAAGGCGCGGAGCGGGTGGCCGAAGTCGCCGCGCGCTTCTCGCTGGACGCCATGCCCGGCAAG 
CAGATGTCCATCGACGCGGACTTGCGCGCGGGCACCATAGACATGGACGAAGCCCGCCGCCGACGCCGTACGGTCGAGAA 
GGAAAGCCAACTGTATGGCGCCATGGACGGCGCGATGAAGTTCGTCAAGGGCGATGCCATCGCCGGCCTGATCATCGTTG 
CCGTCAACCTGCTTGGCGGCATGCTGGTCGGCGTGCTGCAGCGCGGCCTGAGCGCCGGCGAGGCCGTGCAGACATATGCC 
ATCCTGACCATAGGCGACGGGCTCATCGCGCAGATCCCGGCGCTGTTCATCGCCATCTGCGCGGGAATCATCGTGACGCG 
GGTGCAGACCGGGGATGGCCCCTCCAACGTAGGCACCGACATCGGCGCACAAGTGCTGGCGCAGCCTCGCGCCCTGGTCA 
TTGCCGGCGCGATCTCGGCAGGCCTGGGCCTCATTCCCGGCATGCCCACGCTGGTCTTCTTCGCCCTGGCCGCCGTGGTG 
GGCACCATCGGTTTCGTACTGCTGCGCGCATCCCAGCGTCCGCCCGAAGGCGCCGGGCCCGCGCTCGCCGGCATGGCTGC 
CGACGGCCTGCCCCGCACCCGCGCGCCGGCGGATGGACAGGCGGAATTCGCTCCCACCGTCCCGCTGATCATCGACGTGG 
CCGCGCGGCTGCAGCCCCGGTTCGAGCCGGCCACCCTCACCGACGATCTGCTGCAGATCCGGCGGGCGCTCTATTTCGAC 
TTGGGCGTGCCATTTCCCGGCATCCAGTTGCGCTTCACCGAAGCGCTGGCCGCCAATACCTACACCATCGTGCTGTCGGA 
GATCCCGGTGGCGCAGGGGATGTTGCGCGACGATGCCGTGCTGGTGCGGGACACCGAGCAGAACCTGCAGGCCCTGCGGA 
TCGCATACGAAACGGGCGCGGCCTTTCTGCCCGATACGCCCACGATCTGGGTTGCAGCCAGTCTGACCGGCGCCTTGCGC 
GATGCAGGTATTCCTTACCTGGGTATCAGCCAGATCCTGACTTGGCACTTGGCATATGTACTGAAAAAATATTCAGCCGA 
TTTCATCGGCATCCAGGAAACCCGGTTTCTGCTTTCGGCCATGGAAAAACGATTTCCCGATCTGGTCAAGGAGTGCCTGC 
GCGTCATGCCGGTGCAGAAGATTGCCGAAATCCTGCAGCGCCTTGTTTCCGAGGAAGTGTCGATACGCAACCTGCGCGCC 
GTCCTGGAAGCGCTGGTCGAATGGGGCCAGAAGGAAAAGGATACCGTCCTGCTTACGGAGTATGTCCGAATCGCACTCAA 
GCGCTATATCAGCTACAAGTACACCAGCGGCCACAATATCCTGCCCGCCTACCTGCTGGCCCCCAAGGTCGAGGAAACCG 
TGCGCGCCGCCATCCGGCAGACCGCCGCCGGCAGTTATTTCGCCCTCGATCCGGACACGACACGCCGGCTGGTCGAGCAC 
ATACGCCAATGTGTCGGCGATCTGGCCGCCGGCGCGAGCCGTCCCGTCTTGCTGACGTCGATGGACATCCGGCGCTACAC 
GCGCAAGATGATCGAAGCCGATCTCTACGCCCTGCCGGTGCTGTCCTACCAGGAACTGACGCCGGAGATCAATGTACAGC 
CCCTGGGCAGGGTGGATCTATGA 

FIG. 19 



BCR3/BSCX 

ATGTCCAGCGCCGTACCCGGCATGCATCCCATGCACCTTGGCCTGGAGCGAGGCGTCGACCACATCGTTCCCGGCCCCCG 
CTGCGAGCCCGCCCCCACCCTGCCACCCGAGCGCTGGCTCGAGCCGCCCGCCACCGGCGCGGTCGATCATCTGAAAGCCC 
TGCTCGTGCGTCCGGACCTGAGCGCGATGCTCGACGAGTCGGCGCGGCCCCGCCTGACGGATGGCGCATTGCTCCAGCCC 
GCGCAGTTCGAGCGCGCCCTGGCGCGGGCGCGCGACGAACTGTCCCGGGCCATGGAACTGCACGCCGGCAACACCGCGCC 
GGCCTTGAGCCGCGCCTTGCACGTCCTCAACGAGGCCGGAAAGCTGCGTGACCTGGCTGCCATGTATCGCAGCGCGCTCT- 
ACCAGGGATGA 

FIG. 20 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9959630A1 JA> 



\yO 99/59630 



28/31 



PCT/US99/10690 



BOPN 

^^^.nrrrrAATCCCTTCCACGCCGCCATGCAGGGGCGCCAGGACGCCTCGGCCAACACTTCCTC 
ATGACTCGTATCGATGCCGCCCCCAATCCCTTCCACGC^^^ 

CGGCTGGCTGCAAGGCCAGCGCATCGCACCGGCGCCCACCGGCAW^ 
GCCCATGGCCCCGAAATCCGCOCCGOCATCA^raCCCTO^ 

SSSSSSgcgcaggatgcgci^gacaacgcgatagc^^^ 

FIG. 21- 



BSP22 

ATGACCATTGATCTCGGAGTTXCACT™ 

GACTCTCATGGTGTATGTGCAGGGTCGTCGCGCOTAACTC^^ 

AGGCCAATGAACGCATGGCGCAGCTCAACGAGGTCCTGTCCGOT^ 

AAGCCGGGCGACACCATCCCGGGCTGGGACAACCAGAAGGT^^^^ 

TGCCGGCCTGACGGGCATGTTCGAAGCGCGCGATGGCCAAGTGACCG^^^ 

GCACGGGCGXCATGGCCGG^^^^^^ 



gcgtccaatacgcaacagatggacatgatcaggctgcaggco 



jSScS^iS^G^SGCGC^^^^^ 

FIG. 22 



BCRHl 

CCCCCCAGGCCCCTGTTGCATGGCGCCGAGTGCCTGTAruu^iJLv^^^^^^^^^^^^^^^^^^^ ^^^^ 
GCTCTTTCGGGGCCGGCCCTGTCTTTGA 

F/G. 23 
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BOPD 

ATGTCTGTTTCTCCGACTTCGCCCGGCTCtTTCGGGGCCGGCCCTGTCTTTGACTCCGAATTGCAGGCCCCGGCCCCGTC 
GGCGCAGCGTCGCGGCGGTGCGGCGCCTGTGCCGCCGCCCGTCGATCGGCGCGGAGTCGAGCCGGGAGATCCCACGCTGG 
GCATGCTGCCCGCGCCCGATTTGCTCGCGGGGGGCGCCGTCAGCCGCACCCGCGCGGCGCTCGACGATCTGGACGCAGCA 
CGGCTCGGTGAAGACATCTACACCTTGATGGCGGTGTTGCAACAGGCCAGTCAACAGATGCGGGAGGCCGCCCGTATCGC 
TCGTGATGCCGAGGCCACGCGGCAAACGCAGGCTATCGGCGATGCGGCCAGCCAGATGCGCCAGGCGGCCAACGAGCGCA 
TGGCCGGAGCGATCGTGGCGGGCGCCATGCAGATAGCGGGTGGTTTCGTGCAGCTGGGGGCGGGCCTGGCAGCGGGTTTG 
CAGGCCATGGGTGGCGCAGCTGCGCAAGCCAAGGGCGCCGCATTTTCCGAGCAGGCCTCGACAAGCCGCAAGGTGGCGGC 
CGGCTTGCACGATGCCCCCGAGCTGCAGGCAACGGTGCAGGCCCGCGCAACCCAGCTCGAAGCGCAAGCGGCTTCGTTTG 
GTGCTGACGCGGCTCGTTCGTCGGCAAAGTCGCAGCGCGTATCGAGCGTTGCCCAGGCCGGCGCCGCGACGGCCGGCGGT 
ATCGGCGGCCTGACCAGCGCCGCCCAGGAACGCCGCGCCGCCGAGCACGAGGCCAGGCGCGCGGAGCTGGACGTCGAAGC 
GAAGGTGCATGAAACGGCCTCGCGGCGGGCCGACGAAGCCATGCAGCAGATGCTCGACATCATCCGCGGCATCAGGGAAA 
AGCTGGCCGGGATGGAGCAGTCCCGCAGCGAGACCGCCCGTAGCGTGGCCCGCAATATCTGA 



FIG. 24 



BOPB 

ATGACCGTCATGAGTACGACCATATCCACAGCCCCGAGCGGCGCCGCGCTTGCGCCGTCTCGCATAGATATGCGGGCACC 
GGAGCCCGGGAGTGCCGGCGAAGGCGCCGGCATCCTGGCGCCGGTGACGACGCTGGCTCTGGCGGCGGGCCGGCCGGCTT 
TTCCAGCGTCACCGTCGCTGCGCACCGCGCCCGTCCTGGATCCGCCAGTGCGCGATCTCAGCCCCGCCGACTTGGCCGAC 
CTGCTGCGCGTCTTGCGATCCAGGGCGGTGGACGGGCAGTTGGCCACGGCGCGCGAGAACCTGCAGGACGCGCAAGTCAA 
GGCGAAGCAGAACACCCAGGCCCAGCTCGACAAGCTGGACGCATGGTTTCGGAAGGCCGAAGAGGCCGAGAGCAAGGGAT 
GGCTGAGCAAGGTGTTCGGCTGGATCGGCAAGGTGCTGGCGGTCGTGGCATCGGCCCTGGCGGTGGGCTTTGCCGCCGTC 
GCCAGCGTGGCCACCGGCGCGGCGGCCACACCCATGCTGCTGCTCAGCGGCATGGCACTGGTCAGCGCCGTGACATCGCT 
GGCCGACCAGATATCGCAAGAAGCGGGAGGCCCGCCTATCAGCCTGGGCGGGTTTCTCTCCGGGCTGGCCGGACGTCTGC 
TGACAGCGTTGGGGGTGGATCAGTCGCAGGCCGACCAAATTGCCAAGATCGTCGCCGGCCTGGCCGTGCCCGTCGTCTTG 
CTGATCGAACCCCAGATGCTGGGCGAAATGGCGCAAGGCGTGGCCAGGCTGGCTGGCGCCAGCGATGCCACCGCGGGGTA 
CATAGCCATGGCGATGTCCATCGTGGCGGCGATCGCGGTCGCCGCGATCAATGCCGCCGGTACAGCCGGCGCGGGTAGCG 
CTTCGGCGATCAAGGGGGCCTGGGATCGGGCCGCCGCGGTAGCCACCCAGGTCCTTCAAGGGGGTACGGCAGTGGCGCAA 
GGCGGCGTCGGCGTGTCGATGGCAGTCGATCGCAAACAGGCCGATTTCTTGCTCGCCGACAAGGCGGATCTGGCGGCGAG 
CCTGACAAAACTGCGGGCGGCCATGGAGCGTGAGGCGGACGATATCAAGAAGATCCTGGCTCAATTCGACGAGGCCTATC 
ACATGATCGCGAAGATGATCAGCGATATGGCGAGTACGCACAGCCAGGTCAGCGCCAACCTCGGGCGGCGCCAGGCGGTG 

TAG 



FIG. 25 



BCRH2 

ATGACTGTTCACGACGACGCGGCCGCGGCGCTGCGCGCCCGGCTGGATGCGCTGCCGGGCAGCCGGCGCCTGACGGCCGA 
GCAATTGGAAGTGATTTACGCGATGGCGTATGCGCACGTCGCCAGGTGCGAGTACGGCAAGGCGCTGCCCATCTTCGCCT 
TCCTCGCGCAGTATGGTCCCACGCGCAAGCATTACTGGGCCGGGCTGGCGCTATGCCTGCAGAAGACCGACCGTCCCGAC 
GAGGCGCGCAATATCTATGCGTTGATCCTCACGTTCTATCCCGATTCCGCGGACGCCGTGTTGCGCACGGCCGAATGCGA 
GCTGGCGTTGGGTGAGAACGAACGGGCACAGGCGGCCCTGTTCGGCGCAATTGCCATCGATGCAGAAAGTGGGCAGCCAG 
GTCCGGTCTCGCACCGTGCGCGCGCTTTGCTCGATCTTATTTCAGTTTCACATCCGGAGTAA 
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BCR4/BSCy 

GCGCGCGGRCGCCiTTTTCRATGCATTGCMOTTCTACMCCMTC 
GCATGAACGCCGGOCTGCCCGACGMGCCQCCGAGATOT 

CCGAGCCATTACCTGGAGCTCCTGGATGA 

FIG. 27 



BSCI 

A-r^AATTTGGATCT^CCGCGATCAACGC^^GGAACGG^^^^^ 

GATGGCGGATCAOOaSCGCTTTGAGTIGGCGCTGOGCOMATCC 

CACCOGOCGAAGGCCCGGCGG^CCGGTCGC^ 

ACGTCTACACGCTGGCGAGAATGTCATGA 

FIG. 28 



BSCJ 

ATGAACGCCATCGGGCCGATCCAACGGTATCGGCGCGCOGCGG^ 
CGGCTGCGQCGCCCaCGTCGAGCTGTTOGGOTMGCGGCCGAG^ 

TTTCTCAAGTACCGCGACGGACAGAGCCTCGACGCGCTCGTC^^^ 
CCTGGCCGAGGACCGTGTATCGGTTGCCCTGGTCGTGGC^^^^ 

CACGGAAGGAGCCGGGCATGACTGA 

FIG. 29 



BSCK 



ATGACTGAGAAOAGCGTOC^CTTTPCGA^^^^^^^ 
CCACGACGAGACGTTTCCAGCCGATTGGGTGCGCGCGTTGTGC^^^ 

ATTGGTCGCGCTGGATCTTGTGCGAGCTGGGCCTGCTGA^^ 

GCGCTArreTCCACGGACGCCTTGCGCACCTCCGCCGCCCA^^^ 

GATAGACGGCGCTGAGGTCCGTACCTTGCATCCCGCGCT^^ 

GGGCCCTGCATGACGGGATCGCCGCCAGTTCGGACTGGACC^ 

CCTCGTTCCCCGCCCAAGCCTGA 

FIG. 30 
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BSCL 

ATGGCTTTCCTCGTTCCCCGCCCAAGCCTGATCCAGGCGGTACGGCCCGGCCGTGCGGATCCCGCGACCGACGTCTTGCG 
CGCCGAAGACTACGCCGAGCTGCTCAGCGCCGCGCAGATCGTTGCCCAGGCACATCGGCGGGCCGACGAAATCGTGGCCG 
AGGCGCGAGAGGAGTTCGAGCGCGAGCGCAGGCGAGGCTATGAGGAGGGGCGCCGCGAAGCGCTTACGGATCAGGCGGAG 
AAGATGATAGAAACGGTAAGCCGCACGATCGACTACTTCGCGGGTATCGAGAACGAGATGATCGAACTGGTCATGAGCGC 
GGTCCGCAAGAACGTCGACGGTTACGACGACCGCGAGCGCACCGTGATCGCCGTGCGCAACGCATTGGCGGTCGTGCGCA 
ATCAGCGCCAGATGACCTTGCGCCTGCACCCCGACGAGGTGGATGTGCTCCGGGAAGGCATGAACCAGCTGCTGGCGGCC 
TATCCGGGCGTGGGCTACCTGGACCTGCTGCCCGACGCCAGGCTGACGCCGGGAGCCTGCATACTGGAGAGCGAGATAGG 
CATGGTCGAGGCCAGCCTCGAGGACCAGCTGTGCGCCTTGCGGGCGGCCTTCGAACGTACATTCGGCCGGCGCGGATAG 

FIG. 31 



BSCN 

ATGCGTCAGTACCACTACATCACGGAGATGATGCGGGTGGCCCTGCAGGATCTGTCCACGTTGCGGATAAAGGGCCGAGT 
GGTGCAAGTGGTGGGAACGATCATCAAGGCCGTCGTTCCGATGGTCAAGATCGGCGAAGTGTGCCTGCTGCGCAATCCTG 
GCGAGGACTTCGAGATGCACGGCGAAGTGGTGGGCTTTGTTCGCGACGCCGCCTTGCTCACGCCCATCGGCGACATGTAC 
GGGATTTCCTCGGCGACCGAGGTGATACCGACCGGACGCACGCATATGGTGCCCGTCGGTCCGGGCTTGCTGGGACGCGT 
GCTGGACGGGCTGGGACGTCCGCTGGACGTCGCCGAGTCAGGGCCGCTGCATGCCCACAAGTTCTATCCGGTCTTCGCCG 
ATGCGCCGGATCCGCTGACGCGTCGCATCATCCATGCTCCGCTGGAGCTGGGGGTGCGCGTACTGGACGGTTTGCTTACA 
TGCGGGGAAGGCCAGCGTCTGGGAATTTTCGCAGCAGCCGGCGGCGGCAAGTCGACCTTGCTGGGCATGCTGGTCAAGGG 
CGCCGCGGTCGACGTGACGGTGGTGGCGCTGATCGGCGAGCGTGGGCGGGAAGTTCGCGAGTTCCTTGAGCACGAACTCG 
GTCCGGAGGGCAGACGCAAGAGCGTGATCGTTTGCGCGACCAGCGACAAGTCCTCGATGGAGCGTGCCAAGGCGGCATAC 
GTCGCAACCGCCATCGCCGAATACTTCCGCGATCAAGGGCAGCGTGTACTTTTTCGGATGGATTCGGTCACCCGCTTTGC 
GCGAGCCCAGCGTGAAATCGGCTTGGCGGCAGGCGACCCGCCGACGCGGCGCGGCTATCCGCCGTCGGTGTTCGCCACCC 
TGCCAAAACTGATGGAGCGCGCCGGCATGAACCAGACGGGTTCGATCACGGCGCTGTATACGGTGCTGGTCGAGGGGGAC 
GACATGAACGAACCGGTGGCCGACGAGACGCGTTCGATACTGGACGGCCACATCGTGCTCTCGCGCAAGCTGGGAGCGGC 
GAATCACTATCCTGCCGTCGACGTCCTGGCCTCAGCCAGCCGGGTCATGAATGCCGTGGTGTCGCCACGTCACAAGTACC 
TGGCCGGACGTATGCGCGAACTGATGGCCAAGTACCAGGACGTCGAGCTGTTGGTGAAAATCGGCGAGTACAAGCAGGGC 
GCCGATGCGTCGACCGATGAGGCGATACAGAAGATCGGACAGATCAATGCGTTTCTCAGACAACTAACCGACGAACGCGA 
AGCATTCGAGGATACCGTACTGCGCATGGCTGAAATCATCGGACCCGAATCCTAA 

FIG. 32 



BSCO 

ATGGACCTGGAAAGCCTGCTTGCCATCAAGCATTTTCGCGCCGACCAAGCCCAGCTTGCGCTGAAACGCCAACAGCAGGC 
CTGCGCGGTTGCTGCCGCGGCGCAGCGCCAGGCGCAAGGCCGCCTCGACAATTGTCGCCTGTGGGCCGGGCAGCTCGAAA 
ACCGTCTTTATGCCGAGCTGTGCCGGCGCATCGTCAAGACACGCGACATCGACGAGGTGCTGCAACGAGTGGGCCACGCC 
CGCGACCGCCAGGCCAGCCTGGCGCTGCAGCTCGACAACGCCGTGCGCCGCCACGAGCATGAAATCCAGCTGCTCGCGCA 
GCAGCGCGAGCAGCACCGGGAGTGCTTCCAGGCGCAGCAACGGATCGCCGAGTTGGTGCGCCTGCAGCAGGTCGAGGCGG 

CGGCCTTGCGCGAGAGCCTGGAGGATCTCTAA 

FIG. 33 
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